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PKEFACE. 



Brain" surgery is at pi-esent a subject both novel 
and interesting. It is within the past five years only 
that operationa for the relief of epilei>sy and of im- 
becility, for the removal of clots from the hrain, for 
the opening of abscesses, for the excision of tumors, 
and for the relief of intracranial pressure have been 
generally attempted. These operations are the prac- 
tical outcome of the acceptance of the facts of locali- 
zation of brain function established by the combined 
labor of physiologists, clinical observers, and pathol- 
ogists. 

Brain surgery has as its essential basis the accurate 
diagnosis of cerebral lesions, which was im^xissible 
until the localization of cerebral functions had been 
determined. And this diagnosis must be made by the 
physician before the surgeon is called in to remove the 
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It is the object of this hook to state clearly those 
facts regarding the essential features of brain disease 
which will enable the reader to determine in any case 
both the nature and the situation of the pathological 
process in progress, to settle the (juestion whether the 
disease can l)e removed bj- surgical interference, and 
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to estimate the safety and probability of success by 
operatioD. 

The facts have been reached by a careful study of 
the literature of the subject and by a considerable 
pei'Boual experience. The number of articles written 
upon brain surgery, the number of cases recorded and 
of operations reported in tliis country and in Europe 
during the past ten j'ears is enomioiis. This litera- 
ture is accessible to those only who have a large medi- 
. cal library at their command and who have the time 
for literary research. I have undertaken to bring to- 
gether and to sift the scattered facts, to arrange them 
in an orderly sequence, and to deduce such conclusions 
from their analysis as seem warranted by critical 
study. While in no way disregarding the work of 
foreign observers, I have endeavored to utilize Ameri- 
can observations and to cite American cases in prefer- 
ence to others. And this has in no way hampered 
me, for it is to the industry and genius of American 
surgeons that much of the great advance in this de- 
partment of surgery is due. 

To this collection of facts I am able to contribute a 
considerable ninnl>er of cases of cerebral disease, oper- 
ated upon under my direction. My own experience in 
the clinical study of brain diseases and my observation 
of the method and results of operations performed by 
different surgeons have enabled me to estimate the 
statements of other writers witli some degree of criti- 
cal judgment, and to arrive at certain I'onvictioiis of 




I have to express my deep obligation to Dr. McBur- 
ney for placing at my entire disposal the large number 
of cases in which he has operated for me, and for a 
revision of the chapter upon the operation of trephin- 
ing; and also my thanks to Drs. Weir, Hartley, Poore, 
and Briddon for permission to cite the cases which 
I have seen with them. I am indebted to Dr. Van 
Gieson for the very careful investigation of patho- 
logical material placed in his hands and for the draw- 
ings which illustrate his descriptions- 
It is my hope that this work may aid the physician 
to diagnosticate brain diseases with more accuracy, 
and to select such cases as are projierly open to sur- 
gical treatment by trephining; and also that it may 
enable the surgeon to perform his delicate task with 
more precision and with a fuller knowledge of those 
principles of local diagnosis which should form his 
constant guide. 

M. Allex Stark. 

No. 38 Wkbt 48th Street. New York, 
March 2Tth. 1H93. 
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BRAIN SURGERY. 

CHAPTER I. 

THE BIAON08IB OF CEBEBRAZ. DISEASE. 

Dia^osiaia Preliminan' to<)|XTation aDilmuat he Made liy the Pliy- 
aician beforH Surgical Treatment is Attempted. Tht^ Diagnowia 
of the Nature of the Orebral LeaJon. Tlie Diagnosia of the Sit- 
-uation of the Cerebral Leaion. The Facte of Localization BBsen- 
tial to Diagnoais. Cranio -Cerebral To[N>graiihy. 

There are two essential preliminaries to any opera- 
tion upon the brain. Tiie first is the diagnosis of the 
nature of disease which is present, and the second is 
the diagnosis of its situation. Both are purely medi- 
cal questions, and until they are decided the surgeon 
cannot be asked to operate. 

The diagnosis of the nature of disease in the brain 
is usually one of no great difficulty. The general 
cerebral symptoms characteristic of meningitis, either 
of the dura mater or of the pia mater, of hydrocepha- 
lus, of cerebral hemorrhage, of cerebral softening fiYJin 
embolism or thrombosis, of cerebral abscess, of cere- 
bral tumor, and of sclerosis of the brain are in tlie 
majority of cases quite evident. The differential 
diagnosis between these condition'* is elalxjratcly dis- 




fUssed in every test-book on practice and on neurology. 
A careful study of the various symptoms, of the order 
and manner of their development, and of the general 
history of the case will usually lead with little diffi- 
culty to a. diagnosis of the nature of the lesion present. 

It is not my purpose to enter upon the discussion of 
the diagnosis of cerehral disease in general. In the 
course of the following chapters and in the recital of 
certain cases the essential facts will be carefully con- 
sidered. But it should not be forgotten that surgical 
interference is by no means warranted in any case un- 
less the nature of the disease is well determined. 

The second essential preliminary to operation is a 
knowledge of those facts regarding the localization of 
brain functions, ho far as they are at present deter- 
mined, which may lead to a correct diagnosis of the 
situation of the disease. These facts may be stated 
briefly. 

Thp Favtf! of T^cnlizafioH. 

There are certain areas upon the cortex of the brain, 
not necessarily co-extensive with either lobes or con- 
volutions, whose functions are accurately known. 

These areas are : (.1) the sensori-motor area. (3) The 
speech areas. (3) The visual area. (,4) The auditory 
area. (5) The area of sensations of smell and of taste. 

(1) The soisori-motor area (Figs. 1 and '2) includes 
the cortex of the anterior and posterior central convo- 
lutions which border the fissure of Kolando and the 
adjacent cortex in front -uul Whiud these convolutions. 
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E^h hemisphere controls raovement on the opposite 
side of the body, but as the right hand is more gener- 
ally used and is better trained than the left, this area 
is larger on the left hemisphere than on the right. 

The curtex of the posterior part of the second fron- 
tal convolution controls the movements of the eyes 
and head. Impulses starting from this area produce 
conjugate movement of these parts toward the 
opposite side. The eye district is below, the head dis- 
trict alxive. 

The lower third of the anterior and posterior cen- 
tral convolutions governs the movements of the face, 
tongue, larynx, and pharynx. The eyebrows and 
cheeks, are controlled by the upper and foriA-ard part 
of this area; the tongue and larj-ns by the lower 
and forward part; the mouth, pharynx, and platysma 
by the hinder part. 

The middle third of the anterior and posterior cen- 
tral convolutions governs the movements of the upper 
extremity; the shoulder motions being controlled in 
the anterior and upper part of this area, the elbow 
motions in its middle part, and the hand and finger 
motions in its posterior and lower part. 

The upper third of the anterior and posterior cen- 
tral convolutions including their junction in the para- 
central lobule controls the motions of the lower ex- 
tremity ; the thigh, knee, foot, and toes being governed 
by various parts of this area from before backward in 
the order named. 

It will be noticed that the parts susceptible of the 
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finest and most delicate movements, those directed by 
the most acute sensations, the lips, the fingers, and 
the toes, lie furthest back in the motor area, chiefly in 
the posterior central convolution. Lesions in this con- 
volution almost always cause some loss of tactile 
sensation as well as paralysis, and hence this area is 
thought to be the seat of tactile sensations as well as 
of movements, while some cases point to the localiza- 
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if till' riioi-ilnaal atvas Is IndicKtnl by 



tion of muscular sensations in tin' ;iri';i just bfhinil 
that of motion. 

The median surfai.'o .if tin- in-uiiwiihcre in front 
of the paracentral lobule in ktiuwn to Ik.' related to 
movements of the trunk in uumkfys, but these 
movements are rarely affected by disease in man and 
their cortical representation is still unceHain, though 
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a case reported by Horsley ' points to the cortex in 
front of the leg area on the convexity as the probable 
location of the trunk area. 

There are no sharply defined sections of the motor 
area to be assigned to special motions. Each motion, 
each part of a limb, has a wide general representation 
over the cortex and a special representation at a lim- 
ited area. Horsley says that the areas of representa- 




tion of different limbs merge into one another ; thus 
in the representation of the thumb we find that there 
is a focus, but that the thumb is represented over a 
great deal of the upper limb region, and that this rep- 
resentation diminishes in intensity gradually as we 
pass from the focus upward. This explains the fact 
that the excision of a small area does not totally para- 

' Amer. Jour. Med. Sen,, April. 1S87, Case III,, Fig, 18, 
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lyze the portion of the limb represeoted chiefly on 
that area. The adjacent areas represent to some ex- 
tent that limb and hence can govern it if need be. 

(2) The ajteech areas (Fig. 2) are of four kinds and 
in four locations. They are limited to the left hem- 
isphere in right-handed persons and to the right hemi- 
sphere in left-handed persons. There is the motor 
speech area in the posterior part of the third frontal 
convolution, in which the movements concerned in the 
act of speaking are controlled. The use of language 
and the power of talking are affected when this re- 
gion is destroyed. There is the auditory speech area 
in the fii-st and second temjioral convolutions, in which 
the memories of word sounds are stored up. The un- 
derstanding of language and the power of recollecting 
the names of objects are lost when this region is de- 
stroyed. There is the lisital speech urea in the lower 
parietal region, in which the mem<iriea of printed 
words are stored up. The understanding of written 
language and the jKiwer to read are lost when this re- 
gion is destroyed. The poiver of irritiiig is a part of 
speech and is usually lost wlieu the motor sjieech area 
is destroyed, but its exact liK^ation is not fully deter- 
mined; some cases jMiinting to the second frontal con- 
volution, others to the lower parietal convolution near 
the hand centre as its probable cortical position. 

(3) The area of setisnlimis nf tiiffht (Fig. 3) is lo- 
cated in the occipital IoIm* of Llm brain, including the 
cuneus on the median surfacn jlikI tln' occipital con- 
volutions on the convexity, '['be cortex lying in the 
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calcarine fissure is the part primarily reached by the 
visual impulses, ' but the parts named are also concerned 
in vision. Each occipital lobe receives impressions 
from one-half of both eyes, hence a lesion in one lobe 
produces hemianopsia, a half- blindness in both eyes, 




Pio. S. — Tbe Mediui SurTaw ot Out Rlghl HemiBphpn- {after Ecker). The Ttnwl 
eentre to in the eonex lyinjc within the ulcarine fliiaurp. OC. and in thv cuntnis, 
tJZ. TliewiiaBIioiuof amvll and taMe arcrwslTnl In ihniutvJnaieiwiicolutloii. (7, 
and at the tip of the lemponvvphi-noJdal lobe. .^SithoKsttiepoiiltioii of the para- 
eoitnl lobule, which La iDcluded Jo the motur area ot the leg. 

the blind field of vision being on the opposite side to 
the lesion. 

(4) The area of sensatkms of sunnd (Fig. i) is lo- 
cated in the first and second tem]K)raI convolutions of 
the brain. Each ear is connected with lx)th hemi- 
spheres ; hence deafness from a unilateral lesion is only 
partial and is not generally noticed. But if both tem- 
poral lobes are destroye<l the patient becomes totally 
deaf. 

' Hensclien: "PatliologEe d.^ Gc-Iiiriis." ii., 35H, ISOa, 
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(5) The area of sensations of smell and taste (Fig. 
3) is located at the tip of the temporal lobe on its 
under and inner surface, which reeta on the sphenoid 
bone. Each lobe is related to sensory organs on both 
sides, and a unilateral lesion does not often produce 
noticeable symptoms. 

There are large areas of the cortex of the brain 
whose function is undetermined. These are much 
more extensive on the right hemisphere than on the 
left. There are no definite sjinptoms produced, so far 
as we now know, by lesions in these areas; but the 
negative fact is certain, that lesions in them do not 
cause disturbances of motion, of sensation, orof speech. 

There appears to be a certain relation between the 
frontal lobes of the brain and the higher forms of in- 
tellectual activity, the powers of fixing the attention 
and of reasoning and of self-control. But disease 
here does not cause a loss of any one mental fac- 
ulty, and for the higher powers of tbe mind a general 
integrity of the entire brain, not of any one part, is 
necessary. When it is considered that every concept 
is made up of numerous memory pictures joined to- 
gether, each of which has a separate location in the 
brain cortex, it becomes evident that to the process 
of thought a healthy state of the entire cortex is 
necessary and also of the white matter beneath it, 
through which tbe associating filires pass. And it is 
therefore impossible foi' a single lesion anywhere to 
cause a loss of memory or of imagination or of judg- 
ment. Yet for the co-ordination of facts into orderly 
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series, for comparison, and for analysis of knowledge 
gained through the senses, the healthy state of the 
frontal lobes appears to be necessary. And lesions in 
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the frontal region, especially uixin the left side, are 
quite uniformly attended by mental dulness, apathj-, 
lack of power of concentration, and imperfect self- 
control. 
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The cortex of the hemispheres upon the base of the 
brain lying on the orbital plate, on the sphenoid and 
temporal bones, and on the tentorium cerebelli has as 
yet no assignable functions, and lesions in these re- 
gions do not produce recognizable sjinptoms. 

As to the functions of the centrum ovale, it is knowTi 




Between artlnrent codto- 

' '"'*■»- Wion of ihlB inu-t 
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that through this region the great brain tracts pass in 
various directions (Fig. 4). Many of these connect 
the various areas of the cortex with their resi.ective 
sensory or motor mechanisms in the l,ase of the brain 
and spinal cord. Others join the diftepent areas of 
the cortex with each other, this bringiu^ al«ut a com- 
bination of sensory impressions into a single mental 
iniage (Fig. 5). Others again nniu the two hemi- 
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spheres of the brain with one another, it being certain 
that symmetrical areas muBt act in unison on the two 
sides. 

The basal ganglia, the corpora striata, and optic 
thalami, lying deep within the hemispheres, are masses 
of gray matter whose fmiction is undetermined. Le- 
sions in tliem f I'equently affect the various tracts which 
pass between them in the internal capsule, thus cutting 
off afferent or efferent impulses to and from the cor- 
tex and causing sensory and motor symptoms of the 
nature of hemianeesthesia, hemianopsia, and hemi- 
plegia (Fig. 4). But if disease in the ganglia does 
not invade the internal capsule it cannot be detected 
during life. 

The crura cerebri, pona. and medulla contain the 
centres of the various cranial nerve nuclei, and hence 
cranial nerve palsies are caused by disease in them. 
They transmit motor and sensory tracts to the spinal 
cord, hence numerous symptoms appear when they 
are injured.' 

The cerebellum, lying in the posterior cranial 
fossa beneath the tentorium cerebelli, controls the 
equiUbriu!!! of the body; Iience disturbances of the 
nature of staggering and vertigo are produced by 
lesions affecting it, especially if its median lobe is 
involved. 

These local symptoms of hrain disease must form 
the chief guides to the physician in his diagnosis and 
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to the surgeon in operations. When they are present 
they point to a particular area of the organ which 
must be involved. When they are absent both neu- 
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rologiBt and surgeon are as helpless as they were before 
any of these facts nf localization were determined. 

Cases open to Operation. 

There are many cases in which it is evident that 

brain disease is present, but in which it cannot be 




rio. T.— Pholopraph of nCftBt of ■ Head nhowinR tii-- Rflailou oflhi- Oi 
itnrei to tbe Corelirai Flsniren and (.''involutions F. Frontal: 1\ i>uri>lal; i'. 
lUlj r, temporal lobes; a, nHBiim of Bj-JtIiis; R. Hbhiiiv at Itolamlo; /, 
~ ti, purleW-occlpiUil flssure; A H. Biiterioranil[M»terior« 



located because the necessary symptoms to determine 
its location are absent. 



There are other cases in which it is evident that the 
disease is located deep within the hemispheres or t 
the base of the brain entirely beyond the reach of t 
surgeoD. 

It is therefore evident that only in a limited numbj 

>57 9^'*^"'^y>«^„ 




ta Rw|utred to Oftermlne ih 



of cflsea of brain disease can any operative interference 

be considered with favor. 
Operations may be performed for the relief of epi- 

lepey. for the cure of imbecility, for the removal of 
clote, for the oiiening of abscesses, for the excision of 
turoorw, for the relief of intracranial pressure— with 
or without drainage of the lateral ventricles— and for 
the cure of trHimiatic ins.'inity. In the following 
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ous rules have been laid down for the determination 
of the location of various parts of the convex surface 
of the hemisphere upon the head. The moat impor- 
tant are the following, which may be compared with 
the diagram (Fig. S). and with field's figures (Fig. 9). 




To find the fissure of Rolando, hiy d'.wii ;i lino from 
the root of the nose to the occipital prutubei aiicc over 
the top of the head, and take a point ().r,57 of thf 
distance back upon this line. This jmint will corre- 
spond to the upper end of the fissure. The fissure 
makes an angle of fiT" with the median line just 
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measured. Hence if two strips of metal fixed to one 
another at this angle be placed on the head with their 
junction upon the upper end of the fissure, when one 
strip ia on the median line the other strip, pijinting 
forward and downward, must lie over the fissure of 




rut. n.— Tiieiii 

tbe skall Bccontlnii; 
fnactianftl 



Rolando. In its lower third the fissure becomes a 
little more vertical than the strip. The fissure is 
about three and a half incheH long. 

To find the fissure of Sylvius, lay down a baseline 
from the lower margin of the orbit to the auditory mi^a- 
tuB. Lay down a second line parallel to the bast- liin' 



hllltt llu< H^^I'H^^ll tlUM'tl't"" I'HMHflw <.r tin. frr.iital bone 
liUvlmuUl ntH* Uli'lt UMit « utmrt'T and tlioii measure 
*UtW*»ll HUlMlUiUtt't I'l' »Mi Itiilii lUlx K'vt'H iwiiit one. 
I(W\ UW \lllW* HUHUttuvnl (mil of tilt' i«uit'tttl emin- 
WyVV WV\i *^4V\ t» vt^'^VV tk UiH* tlowuwtmt i»rr[>euUicu- 
VV\ W^WWv Uw^V H>i»l »»*» *t*«* »*^' » J*«ut three- 

V^W^V Hv^ ^"4^^ ^'"^ ^''^^^ v^'UtVii mmI ifehr Vaut win ||» 
Jk^ w«<«hw "<ra>K% *i «ON»- '^um- ^^ 




CHAPTER II. 

TKBFHIKINQ FOB EPII.EFST. 

nteVarUtiesof Epjlepe;. Jaclucmian E pi leper. Thp Motor Form of 
Attack. Tlie Sensory Formuf Atucb. The Aphaitic Fomi (rf At- 
tack. The Psychical Form of A tl^ick. Tmumatic Eptlept-y. The 
OperstioD for Epilepsy. BeconU of Case* f-f Epilepsy uperaled 
upon. Personal and Selected. The Patliolofj^' of Jacksmiian and 
Traumatic Epilepsy. The Beeutte of Trephining for Epilepsy. 
CoDclusioD. 

- The operation of opening the skull for the relief of 
epilepsy is supposed to be one of the oldest in the his- 
tory of surgery. That its results were unfavorable is 
demonstrated by the fact that it fell into disuse and 
for several hundred years wa.** entirely abamloiipd. It 
is within the past decade that it can }»; said In have 
become a rational operation, for it is only within that 
time that a definite guide to the surgeon has t»een 
offered by the facts of the localization of brain func- 
tions. 

The Varieliea of EjiilfjiniJ. 

Hughlings Jackson was the first to point out a radi- 
cal distinction to be observed i>etween two classes of 
epileptic patients. In one class the convulsion l)egin8 
suddenly with little or no v.'aming but usually with a 
cry, and at once the patient loses consciousness and 
falls in a general convulsion which involves all the 
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miiBfles of the body simultaneously. This lasts sev- 
eral minutes and is followed by a deep sleep for some 
hours. This is ordinary idiopathic epilepsy, the origin 
of which is still unknown. 

In the second class of cases the attack begins with a 
conscious sensation in some piirticular region of the 
body, either in one-half of the face or in one extremity. 
The sensation is followed by a twitching of the mus- 
cles of the jjart and the sen&ation and spasm advance 
gradually from the part originally affected to other 
parts in a definite order of progress ; thus, from the 
right half of the face domi the right side of the neck 
to the right arm and lastly to the right leg; or in the 
reverse order, frfim leg to arm and then to face; or 
from the arm upward to the face or downward to the 
leg. During such an attack consciousness is not usu- 
ally lost, though it may be lost when tlie attack cul- 
minates in a general convulsion. Such an attack is 
very often followed by a feeling of great weakness in 
the part convulsed, which weakiu'ss gradually passes 
away. This form of attack is known as Jacksonian 
epilepsy. 

J'H-k^ioiiiiiii Kpili-pnii. 

A.S far back as l^ili Jackson nuiintiiim-d tlint this 
form of epilepsy was uniformly due to organic disease 
of some kind, situated in the convolutions adjacent to 
the fissure of Roliindo. The discovei-ics of physiolo- 
gists, made between IsT:i and l^sii, that electrical 
imtation of the corresponding convolutions in ani- 
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mals would produce spasms of a similar character, af- 
forded startling confirmation of Jackson's statements. 
And the subsequent collections of carefullj- observed 
cases of disease in man accompanied by records 
of autopsies made by Charcot,' by Nothnagel,' by 
"Wernicke,' by Ferrier,' by Roland.' and by myself" 
prove conclusively that disease of an organic character 
located in the motor region of the brain, of a character 
to produce irritation, will uniformly cause Jacksonian 
attacks. The character of these attacks, their mode 
of onset, and the order of their progress depeud entii-ely 
upon the exact position of the initial irritation in this 
motor area. If the irritation is slight it may be lim- 
ited to a small region, if more severe it extends to 
adjacent regions. This extension may be likened to the 
ripple on a pond when a stone is thrown into it. Tlie 
ripple spreads from the centre to the very limits of the 
pond, but the little waves get lower as they get far- 
ther away from their point of starting. Irritation in 
the brain is likewise always more intense at the seat 
of excitation and grows less severe as the initation 
reaches other centres at a distance. Thf order of 
progress of the spasm dejiends entirely upon tiie rela- 



' Charcot et Pitres: "L 
1879 and 1883. 

" " ithnagel : "Topisclie Diagiiostik der Gi-liirukraiikheilen, " 

micke: "Gehimkrankiieiten, '" l^'yi. 
rriw: ** Local) zatioD of Brain Disease." 1S78. 
»nd: "De I'Epilepsie Jacksouieune. " Paris. 18S7. 
■: "Cortical Lesionsof UicBraiu,'' Anicr. Jour. Med. Sci,, 
,, April, July, 



lira aHoatkn *A tbe dmUm- eaarm to toae m o tf ier - 
Ttnw Um Cad that tbe molnr c^rtics for tfaeann lie 
between time of the face and b^ defamunes Hie fact 
that a NpHxtn Iftf^ioniOK "» ****■ f** alwajne extends to 
thp arm ttpforv it r*«':b*« tbe leg. or vice versa. It 
hHH allvady tM^-n ftaUd that Jacksotiian attacks usa- 
ally l>et(in with a sensation of tingling or nambDess in 
till' i«irt (vinvulrted. Thi« tingling is thought to be 
evidtmtv of iin irritation of the centres of tactile sen* 
sation of the (xirtcx, which troindde in situation with 
the motor centn-fi. The paralysif which follows the 
attiick and is cvidi'Utv of eximuationof the motor cen- 
tra's is often found to Itt* »ss«M-iate(I with jiartial loss of 
sensation, wliich i» cviih-niT of a similar exhaustion of 
X\w oonsorv cculivn. 

What is true of tlnwi- tactile centri-s has been found 
to l«' fnio also of tlic scnsorv ccntn^s of sight, and 
hiwinji, and liwto, and snidl, K.irh of these centres 
in.-»y U> irriimi<«l by diMMW. wilh the residt of produc- 
ing luinuciuiiliou", and lli.-n U* cxhaust«l. with the 
i-08id( of piiMlui niH l.iwiof tliei»owri-itf ]vrtv|»lion. It 
i« thn« |i,wi.jM.' *■• mitunize what has Uviiienueda 
«i>H*rtv npii\nl.'ot of n .la.kwinian attack, and such 
n -i>n«h«v cpiiMil..))) ,M «,.i,m.rv -•pilci^'y in anyone' 
wit".. Ik i),>t n» ibriini>«M. -^f rt l.vali!!.".) disi>as»e in the 
bi-nni n* «• n .Int bmtoinn ^ivisnt S(Hi»^r>' e)Hk'(*y be- 

(rinhintt with « e. i o..i„-rtt« ,rriutt*^n in the tan- 

iv»rnl iN'jT^"*!, ««..,*.,, ■.,«l..,^^ iwyinninK' *"i* *•*** 
hr^oiv i\w < v.» -., f,n Ut>M"<nflti.w ot iijrhi inAirtttw 
itTitattnn in \h- •*s\\^\<%\ r.-^^ w.^^srv f^Jlepgyfce- 
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ginning with smells or taste indicates irritation in the 
temporo-sphenoidal region. These facts are so abun- 
dantly confirmed by clinical observation followed by 
autopsies that it is needless at present to cite cases in 
proof." 

Another form of attack re<iuire8 mention. It is the 
aphasic form. It has been frequently observed that 
when a Jacksonian attack Ijegins with spasm in the 
right side of the face it is usually associate*! with an 
immediate inability to speak. This continues until 
the attack is over, and even for several hours after- 
ward. In a number of eases such an inability to speak 
coming on suddenly is the only symptom of the at- 
tack. This then may he termed an aphasi<: fonu of 
epilepsy. It is due to irritation followed liy arrest 
of function in the motor speech aroi. which in riffht- 
handed persons is in the thiifl frontal (nnvolution of 
the left hemisphere of the brain, .'inil in Icf't-haiKliil 
persons in the right hemisphtTf. Tlifri' is lu'obably a 
form of aphasic attack due to .'sus])ensif]n of function 
of the sensory areas of speech, characterized liy a sud- 
den but temporary inability to un<tci'st;iri(] hmgua^'e 
and to read. But such attai-ks li;tvi> rmt (omy kiinwl- 
edge been recorded. 

The last form to be noticed is the [)sychi(ral epileptic 
ivalent, a form of attack consisting of a teni]jnnir\ 

ntal aberration either of tlie nature nf iri;iTii/Leiil 

iitement or of simple ItewildiTment followeil l.v 
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stupoar and kiss of oM^nHtrr uf what has hapiieoeil iu 
tlw attack. This pmbablv indicates an irritation fol- 
lowed l\v susjiension of function in the frontal region. 
Imt any more ilHinite statement is as yet unwarranted. 
The facts just stated prove that Jacksonian attacks, 
either inot4>r or seutiiory. or aphasic or psychical m na- 
tiiri', ari^ to lie rejjarded as symptoms of disease and 
jirt' very different iu their significance from attacks of 
onlinary epilei>sy. Their character denotes the exact 
piwition of the disease in the brain, and hence such 
mi iittack ni:iy 1* ivgarded as a guide in the surgical 
li-eiitincnt \>{ epilojisy. 

Cisis <>]»■„ ii, Tnphhiing. 

II \» I'viilfni. ilu-ii. that the surgeon of the present 
ilii\ i-i uii li'iii'tT ill the ]K>sitiou of the surgeon in the 
l>iir>i n'liliiriiH, wli.'u nskinl to trephine in a case of 
i-|>ll<'i'"> l-'nr iinw it i^ jH>ssilile to make a rational 
tinliu'liiiii III' I'jiMi'.s, I)' flioose those which are due to 
I. Hill diMi'iih.'. iukI tu imt mu'-s linger on the diseased 
njHil licliii'n tlii> \i\\\\\- iw iim'il. It is these cases in which 
mull k\ Hul'l" i" iilVoni,.i] |,y our knowledge, which are 
• >|i<-ii loBiUHiiiil iiiti'rri'rciiee. The ordinary idiopathic 
i-|j||i.|i<.,v iniiHia. ivMiovcl from surgical treatment to- 
.l.i.v n» il »'M" i» Ih.. |.,^f 

II ir,dilll>'.<ll In iiuiliiMiTiyji.'iUTiil Statement regard- 
ill^ III" n-lativi- iHiiiil>or nl' ..;is<-s of epilepsy which are 
.>|.i.|i lo MiiiKici.l tr..iitiiH<nt. 1 can only state that of 
I-J7 <-oiiH.>.iiiivi' <a«ii« of .-iiileiisy of which I have per- 
noiiiil riH'oriln. I'd \v<.i-iM'oiiwi)ieri'd of organic origin and 
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e for c^KratHw becaase it was possible to locate 
tbe lenOD with approximate certainty. 

The disease in tbe brain wbicb gives rise to Jackson- 
ian epOepey may be of various kinds. Any affection 
of the m^iingcs. whether pachymeningitis or lepto- 
meningitisi. of tranmatic or of syphilitic or of tubercu- 
lar origin ; or new growths upon or in tbe cortex of 
the Ivam; or CTBts formed as tbe result of small cir- 
cnmscribed heiiKnThages. or of spots of softening from 
cmbolinn co* thrombosis of a cerebral nrtery : or cir- 
comacribed eiioe]^ialitts or sclerotic patches may act 
as centres of irritatioii in tbe cortex of the brain. The 
majority of these forms of disease when exactly local- 
ized in a small area appear to be traceable to trauma- 
tism, either to a blow or fall on the head, or to a frac- 
ture of tbe sfcnll with or without depression. In the 
cases sooo to be studied some of these j^thological 
cooditioDS will be described which bare been found at 
the time of op«ratit«i. 

Tbe diKwery of tbe fact that such i»athological pp- 
BultB of traumatism will produce lix-alizeil sivisms when 
aitaated in the motco- area of the brain lins naturally 
led to die ooDcfoaon that similar pnxlucts au^'Avherv 
in the bnin may give rise to epile)isy. 

Tranuiatic Kpi/r/K^ji. 

It JB weO known that many cases of onliuary epi- 

j are tiaoeaUe to injuries of the bt'ad and that 

^y CMBi of &actnre of the skull havo Uvn fi>llow<.\l 

i devdofment of epilejisy. These cjitsi'^ liiive 




fgetm for the u ft tJ t iu m «f I 

abovt ffcr liiiiil Ml ■ihBMBi IHilj iiubimIiiiiiihwIhiij 

than wounds m the r«i of the botfr is Tvrr wdl proren 

in statistics of tbe Fraoro-PnisEun war. The records 
fff that war show that aatoag-^.i"^ indiridaal^ woiind- 
<fl tm the head ^ d^^eloped ppilejer: that among 
77, 4*; I persons wounded in the body or extremities 
only 1 7 Tjecame epileptic. The records of our own war 
do not give any statements that bear upon this sub- 
ject. There fteems to be no doubt among surgeons 
tliat epilepsy develops subsequently to injuries of the 
head more often than afterinjuriesof other parts. In 
tlu»«) <:aHeH the same distinction already considered 
Iw^tweeu general convulsions and localized motor, or 
twnHory or aphasic attacks is frequently observed. If 
the ciimacter of the attack indicates disease in a defi- 
nito (iro)i of the brain, and if the injury of the skull ia 
mi Inciilcd as to coincide with this area, then the sur- 
geon liiis ji rlmililc indication to guide him in theoijer- 
nlioti. Wlii^n, however, the injury and the localizing 
MyinptoniH do not coincide, it is l>etter to follow the 
localizing HyniptoiuM mtlier tlian the surgical injury. 
ThiiH in I wo riiH('« o]K'rrtted njxm by Dr. McBtirney 
(li<fiii>KN(-<l fmctiircs existiil, epileptic attacks had de- 
v<'io|«'d Mul»sei|uetilly to them, but the tit which began 
in lu'lli jwnients in the nnn indicated disease in the 
tniildli- thin) of the motor area, while the position of 
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the fracture was at least two inches away from this. 
spot. In both cases trephining demonstrate<l the 
presence of sphntere of bone cracked off from the inner 
tahle of the skull and embedded in the brain in the 
motor area for the arm, with the development of cysts 
at the same place. And the removal of the irritating 
focus of disea^ produced a cure. In these cases had 
the surgical indication — the depressed fractnrti — lieen 
followed the actual cause of the epilejisy would not 
have been found and removed. It is, therefore, far. 
better when both medical and surgical indications 
exist, but do not coincide, to follow the n^edical in- 
dication. 

In any case of localizable epilejisy when no remova- 
ble lesion is discovertnl at tlie time of ojieration, it ia 
the practice of some surgeons to determine accurately 
the area in the cortex imtation of which by a mild 
faradic current will cause a spasm similar to that oc- 
curring in the disease, and then to excise this area. 
The resulting paralysis due to excision of a small part 
of the motor area gi-adually passes away, and tlie 
result of the excision is in some cases to remove the 
centre of irritation, and thus to euro the attacks. 

There is, finally, a class of cases following trauma- 
tism in which the epilepsy is of the general type and 
in which there are no localizing sJ^nptoIns. Wlien 
these are attende<l by depressed fracture, it is the 
practice of surgeons to trephine at the area of injury, 
that being tbe only guide obtainable. lA'sion.'^ are 
sometimes discovered iuvQlviii;f tbe meninges or brain. 



aoi ASeMiMuUr the fit* a» refimd br dw cfientioD. 
N/fffc 'rf ti^i fwXbtDjg i» found at tfae place at tRphining, 
Nful ivi n«ult M 'AitaJDtA In tlue cbse. wba« definite 
«yrtifrt//ruK (Vfiotinf; tri a Uxras of disease do not exist, 
ttia ojMrriitiiJii tiiUKt tjtf regarded as entirely exploratorr. 

flu- iMtnger of Trephining. 

'J'lic I'lfcorilH rif caMiK of epilepsy in which the opera- 
titjii (if l,i'i'i>hiiiinK HaH lieen undertaken are at present 
vt*l'.v imnicruiiM, 'I'lio n]XTation has l)een done over 
!lilli tinic'H witliiri the jiaHt live years, with ver>- few 
ilniithN. Lniiriciit iJmir. (Ic MM., df Chirur. et de 
I'htifiintr., May '-'Hth, INI'I ) collected 103 cases of tre- 
iJllllluK for cpih'pKV, witli the l-esult as follows: ."ii 
I'llttHl; aoiuipiMved; 17 not inipl-oved; 2 made worse; 
■ (litHl. Anut'M" (TranH. Aint'r. Surg. Assoc., Sept., 
\s\i\\ c^iIhH'h'd -■'T iiilditumrtl ciiw's with i-esuIt as fol- 
Iowh' i luit'd; ;i^ inijiiMvtHl; I' not improved; 4 un- 
kltowit IH-Mtlll; I ditnl. 

Tho vrtww o'lUvletl hi-i>' uumU'r 43, with result as 
U\ltow«' IH vul^^l; tl iiu|trovtHl; 1^ mt improved: 3 
Oi«t *^' ih***' v-twtt lhiri«'»i an* my ovra. 

■(V» *lj*l»!«lK>* aw -.'hK-rt," ^^ valxw io iKtuoostratiog 
lh\* '«t>';y \}t ih*' itvrrtth'M I'h*' aii-vra^ mortalitr 
IH t>, U wtw* iKwdstM* K- >vli*tv vvry many (."asee 
nn IVtt V^N' vwi^HitMt t\-<«tu¥w< wiU W lUti^crated in 
tSv hMMHxi oi vw«,-n «^tu^-h bavv Nw« undc'r my own 
.■l»wM'v<*»K'*» t\'* \f**f ■vU.i.' '.'t j«^*«MHai^ a suffi«.-ieQt 
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cases in which the reports are sufficiently exact and 
Biiffioiently reliable. These have been selected entirely 
from American reports. In some of these cases the 
fits were so exactly localized that a diagnosis could be 
made without difficulty. In others the existence of a 
depressed fracture or scar of the scalp was taken as a 
guide to the siirgeon. The majority of the cases were 
traumatic in their origin. 

Cases of Epilepsy Trephined. 

Case I. Trauma — Spasms of right hand — Splinter of 

bone in motor area — Cyst of the Pia mater — 

Recovery. 

A. B., aged 18, was perfectly well until April, 1891, 

when he was struck by a heavy block of wood falling 

on his left parietal bone. His akull was fractured and 

he waH taken to a hospital iinil treated there for several 

weeks, but not trephined. Thret' \\X'L'kB later he began 

to suffer from peculiar attacks which bad continued ut 

frequent intervals until the day of operation, Novenilier 

Itth, 1892. His attacks are all of the same (.■haracter. 

They begin with a tingling and numbneMS in his riglit 

hand which extend up the ami to tbo .shoulilur, d^n^^^ 

the trunk and down the leg; the tingling is nuvor fi'lt in 

the face. Soon after the tingling l>egins in the fingers a 

twitching motion is felt in tbe band, and the clonic spasm 

extends up to the shoulder, involving tlie entire arm; it 

never extends to the leg or face. He diK-s not lose ciin- 

sciousnesB diuing the itttacks; the attiicks last about a 

minute and subsequently he feels a little weak in the 

arm for a short time; he has no diflficiilty with his 

leech. Between the attacks there is neither paralysis nor 

esthesia; he does not .suffer from beadacbe; his 

i^ht is good. 

minatiou of the head sbowt'd the exisU-nce of a de- 
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prefleion about an inch long parallel to the longitudinal 
fissure and about an iuch tu the left of the median line 
anterior to the vertex. When the fissure of Rolando was 
laid down upon the liead, this tlepreasion was found to lie 
over the first frontal convolution. A seoond scar was 
found below the first at a position over the hand area. It 
wa« lietennined to disregard the surgical indication, viz., 
the fracture, and to trephine over the hand centre of the 




'l"i.,- x,„ 



"I til, 



cortex. Tills mh, 
McBiirncy. 

After tlifsnili) w 
iwriostt'uiii ri'Vi-Hlcil ii,^^, 
fissii 
tion 

iMiilo. It M-m oviil,.,,, ,|,„, „, ,|,j^ n,„, „,„,, I, 
trai'ture of Hi.- iklill « l,i,.l, ,,„„),| „„, |,, ,K.tec-t«\ 
.tion of tlie »rai]i. ,v tiv|,l,i 



.„„„..... .,.,.„„, 1,,^, iij^.i J. .|^ ^,|^,^^, iiiiliosioi 

aire ui tlie !«.„(, |,u«i„|, ji,.^,,,,,^. ,„,„.„„, [„,„ n^ 
„„f themiililk. ,„„, |„„.^,,, ,|^.;,j^ ^,f ,1,^ „^,„^, „ 



attt'Uipl to strip up the 

iiiihfsion to a 

June- 

issuro of Ro- 



ily pal pa - 
)(H'tiing of one and one- 



TRKPHIXIKG FOR EPILEPSY. Jl 

qoHTter inches in diameter va^ made at the point indicated 
in the figure over the band centre (Fig. r^|. 

When the button was removed the dura was found to 
be closely adherent to it, and in the dura was found im- 
bedded a splinter of bone one inch long and three-fourths 
of an inth wide. This lay partly nutsideof and partly in- 
side of the dura, it having evidently been thrust through 
the dura at the time of the fracture. Tlie diim atiout it 
was thickened to one-sixteenth of an inch. Tlie splinter 
of bone was cut out and removed. A thickeue*! con- 
nective-tissue strip which formed the external wall of a 
cyst was found adherent to its inner surface and removed 
with it. During the removal about a drachm of clear serous 
fluid escaped from the cyst, and a vessel of the pia was un- 
avoidably torn in the removal of the cyst wall, giving 
rise to considerable hemorrhage. The appearance of the 
brain as seen through the opening in the dura was normal, 
though some cedema of pia over it was evident. The bone 
was not replaced. The wound was cliiseil and headed by 
first intention within a week. 

The situation of the splinter of bone was such as to have 
produced irritation in the band area of the cortex. 

The boy had two very slight attacks stibseiiiiently to the 
operation, but after that up to Man-li. ]Mi:i. li;ii| nmie 
whatever and was apparently will. 

Case II. Tiauma—Spnitins of riijht li(uiil—C;/st >■<'- 
movfid— Recovery for sir iiiiinfli-t. JitTiirrruri'— 
Second trephining — Recover y. 
Male, aged U, at theatje of 4 had a severe fall fractur- 
ing his skull over the left corniial suture. As a rosult 
of this he developed right hemiplegia with ^tartial right 
hemianssthesia, but without any nphasia. Traces of tliis 
hemiplegia still remain. At the age of IJA he had a 
second fall, hit upon his head, and soon after this he 
Ijegan to suffer from Jacksonian epilepsy. His fits 
always began with a tingling and spasm in the right 
hand which extended to the arm and then doivn the right 
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leg, the face beiDg very rarely involved, 1 
casionally the head turned to the right. There was no 
loss of consciousness during the attack. It lasted about 
a minute and he felt slightly weaker in the arm and leg 
after it. He has had as many as six attacks in a day. 
The bo)' was mentally vorj' bright and had no headache, 
Evidence of an old depressed fracture was found in 
the skull, the depresaioii extending forward over the first 




Fio. 13.— Tlip Situation aftbeOppoing miulr 



frontal convolution bo that its position was decidedly 
anterior to the motor area of the arm. Medical treatment 
having failed to relieve these attacks, it was resolved to 
trephine. The point selected was the arm centre in the 
middle third of the central convolutions, though its position 
was an inch and a half posterior to the position of the old 
fracture (Fig. lil). Dr. McBuniey operated at Roosevelt 
Hospital, January 31'th, '[S'.f'i. 
On expiiising tlie dura it was found adherent to the bone 
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and did not polaate. When the dura was diHsect«<:i Ixick 
it was found adherent to the pia, which was thickeued and 
opaque so that the brain was not risible beneath it. (>a 
dividing the pia a cyst was found lying upon the surface 
of the brain and from this a (hTichm of clear fluid was evacu- 
ated. The cyst had lain in the pia itself. The walls of 
the cyst were removed. A strand of thickeueil pia was 
found running for«-ard toward the old scar. The opening 
in the bone was, therefore, enlarged in the direction of tlie 
old fracture until this was reached and a second cyst was 
found beneath the old fracture. This cyst was also evac- 
uated of about two drachma of fluid and its walls tjikeii 
away. The brain beneath the cysts aj>peare<l to he some- 
what atrophied but pulsated normally. It had an ajipcar- 
ance of being slightly more yellow than normal brain 
tissue, and the numlwr of blood-vessels and cajiillaiieB 
over its surface seemed to be rather increjiseil. The wound 
w^as closed and healed well, and fi-om January Slith, 18112, 
the date of operation, until April the lK>y bad no fits at all. 
He then returned to my clinic, complaining of a ri'turn of 
his old attacks. On examination of the liea<I it wa.s found 
that there was a small collection of pus bi'nenth the Bcalp 
over the site of the opening in the iKine. This pns was 
evacuated and the small abscess cavity fit once healed. 
From that date until August, IJSD'-J, the Iwy had no at- 
tacks. Then his attacks began again, and in(?reaBed in 
frequency until in December he was having thn-e or four 
daily. These attacks began with tingling autl tivitciiing 
in the right hand which extendeti up thoarmand>ilioulder, 
then down the side to the leg, arm and leg twitching 
together for the space of from live to fifteen minutes. 
Subsequently to the attacks btitli arm and leg were sJiglitly 
paretic, the face never being involved, and ciniscinusneHH 
not being lost. The use of bromides during this jxTiod 
had no effect upon the increase of the attacks; lie wan, 
therefore, again advised tn go into tin- lio.'tpifal f<ir opera- 
ion. On January 7th, IKlCf, Dr. Mi/Burni-y ujMTiit^-d. On 
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ux|HiHure of the flhaven head the scalp was seen to be thick 
iinil toiiMo 80 thtit at no place was there any perceptible 
lie J in 'SMI on around the old acar or over the defect in the 
IxMK'. I'niHutioQ of the brain was perceptible by palpation 
ovor the area from which the hone had previously been 
rtmioved, and which corresponded to the arm centre. The 
tiHttueH were very ranch thickened and it was thought best 
to Hvuid tboir direct incision. A semilunar incision was 
therofoPB made, the summit of which passed somewhat 
niiiri' t(> the left of the median line than the preceding 
inoioion, tind by dissecting up its anterior and posterior 
[Mirtions the liealthy bone below the old trephine opening 
wiw riHichiH), the scalp lieing carefully dissected away 
from (lie oUI scar tissue. A triangular opening was then 
rliisi'lhil in tlu> lK)no alxiut one and one-half inches long 
Kiid IhiiH'-fiiiirths of an inch wide. The l>one was found 
to U' clomily adherent to the dura. The dura was seen 
|o lit< tliii'ki'mi! and on lieing divided nnd turned back it 
wiiM rloMi'ly iidhi'ii'nt to iht' pia. The pia and brain were 
found lo l)i> wcldi-d togi'tluT in a thick connective-tissue 
imiiw, I'ldimlion of this gave the impression of fluid be- 
nmtlh it, I'uiu'Iim' with n hy|K)demiic syringe bmught 
nwny w nwmW amount of cKvir st>roiis fluid from a cavity 
iiliotit half nu iiii'h U'Uitith ihc cortex. Incision wasmade 
Into UiIh cuvitv Ihii.iigh Ihf br:tiu alK>ve it. When the 
biaiit lixMUo was incimxl it wivs found to present an abnor- 
miil .iiiiHsimmv. Tl»'i^> was no clwir line of demarcation 
Ui|«miii ih<< .\>rto\ and Uu' whilo iHrttttT beneath it, but 
".■omi.H'hv.MiMiK'UMw^had irtk^'ntlH'iaat-e of the cortex. 
Till-. (u,i™ of l(<u.uo was th«'ry'f.'i>'i'xcis«i. apieceof alens 
wlta|>.> nUml m im-h Ions by twU an inoh wide being re- 
t»ov»H| U MpiNxirx-Al to U« !^«r lissvw ' The seixinJ punc- 
l»m>>vUlt It t>\i^-d,>n>n\-ii.>xlW«l a ivwnt Hu inch further 
rinw.*!-.! iv>,>rt|«sl tU.'|uv«.'iuvv<(aih-*berc>-st, and thein- 
\'M\y^\ Ilk Ow !«>»(« wa», »|h»t\^vw\\ (.-HrrWxl fvwwaid so as to 



comfortable, had do fmjtjmt vaaaMfe^ia. Wahn t«» 
weeks the woond had he^ed. He has had tm Mtocfe ^ 

to March, 1893. 

Cabb m. Ttamma — 6c»ct«/ mmrmJmomji he^mmt^q §« 
le/t orm—8ptiMier of home *n iAe braim rwmfnr^ — 
Brain atUrotie—Secocerf. — Rermrrvmrr of pi*. 
A. G., male, aged t4. met with an tajarria April. ISsS, 
which pfodooed a (ractore of the skull on the right fide 
about at the middle of the ecroBal smorp. After thr io- 
yaxy he was ill with ferer and deliriam abtMit ^ix wt^k& 
but gradually recovered. Three reara after ihis injury he 
began to have convulsions, from which be had suffered at 
iDterrals up to April, 1>^92, when be was first :ieen. The 
attacks began with a tDoTemeot <A the lefi arm and sensji- 
tion of nnmhnees in the left hand and with -a turning of 
the head to the left; he then l-jst consciousness anil the 
convulsion became general. He baa had a* many as two 
fits in a day, and the longest interval during the vear 
was nine weeks. He had three fits in March, isii-;. He 
was very dull mentally, and had been treateil hy very 
large doses of bromide of potassium, which diminislu'd Ilia 
frequency of but did not arrest the fits. 

Operation by trephining was jierftirmod by Dr. Mi-Hur- 

ney on the 2d of April, ] ti92. The skull was o|X'iii-d at 

the point of fracture over the arm centre on the rijjlil nid(.i 

(Fig. 14). The external table was found to Ik' fniuliu'i-d 

he internal table appeared to l^euninjurwl, liiLtaHinHll 

er of bone was found indenting tlie duni. Tim 

cas verv much thickened nnd the pin iuid brain 

decidedly cedematouB and jellowcr than nonmd. 

Dulsation in the brain was greater aiiiun.l I hi. 

ed area than in it. The dittcolored an-a [>iil<'d 
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upon pressure and to the touch gave the impression 
as if a cyst lay beneath, but puncture in all direc- 
tions with a hypodermic needle failed to reach any cyst. 
A portion of the aof tened area was cut out. It was ezam- 




Kin H.— Tlir siiiinil.iii nf tli.> ii|i..i>(iii- mn.lr in iI.h Skull in Casf UI. 

iiu-,i l.y Dr. Vein iii,.>.nii, wl,,. iv|H.rloa ,is fallows: "I 
find tlml n s|.liiit.'r nl' l„„>.. lus W-vu drivon down into the 
dura; tlu- dura is |lii,-koiu>.l m lliis p|aoe jmd matted 
toj,-,'th-'r with tlic piii. Dura is iils,> shnrplv indented 
whoiv 111.' siiliiit.T i8 iinimrt.'.l. 1 i|,ink- that the splinter 
lia« U-cii luti.-h n-du.-<tl in siz,. hy nir.-fvin^; osteitis {only 
afewinl.'rliu-ingd.-H.-at.MmU-idii. r,-iu»i,i of the bone). 
Til- spliuloi- wiis p.vb,tMy ..liyinally uiuoh hircer. Brain 
BUlwlauo- is ruu.-h .•l,ai,K,Mi. il„-r,. jm- t>H. mmv glia 
cellr*. TLo o.ilox .H.VU1S i„ hav,. onuo fr.>m the "motor 
region: Uii« I salher fnnu thf pr,wi»v of tho verj- largo 
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iglioD cells in the third layer." ' The wound healed 
easily. He had no paralysis and in three weeks he was 
discharged from the hospital. At that time he had 
improved very much mentally, and had had no fits. Soon 
after leaving the hospital the fits began again, and in the 
summer they oceurreil with greater frequency than before 
the operation, and at the present time they are as severe 
as ever. 

Case IV. Trauma — Spasm of rigid leg — Trephining — 
Death. 

A. D., male, aged 30, had been perfectly well until 
a fall which occurred in 1888, He hit upon his head 




r». IB.— The BltuatloD of the Opralug 
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I "on the left side, near the vertex, but had no scar re- 

r mainitig as evidence of the fall. Since the fsdl he had 

I begun to have attacks which consisted of a apasm begin- 

' The microscopical appeamnceB of this tissue are more fully de- 

ribed on pa^e tj3. 
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ning in the right leg, with a stamping motion of the foot, 
after which he would rise from the chair, if seated, and 
turn to the right, or would turn to the right if the fit camo 
on when he was standing. After turning he lost con- 
sciousness, and fell in a general lit. These fits had be- 
come frequent during the past two years, so that he was 
having as many as six a day when he was first seen by 
me at Dr. Weir's request. 

On the ITthof January, 1890, Dr. Weir trephined at the 
New York Hospital. The opening (Fig. 15) was made 
over the upper third of the motor region, exposing the area 
corresponding to the leg centre. The skull was found to 
be unusually thick, but no evidence of fracture was dis- 
covered. Small white specks resembling miliary tubercles 
were found scattered over the pia and over the motor area 
of the leg on the median surface of the brain. The dura 
was not thick nor adherent. The thickness of the skull 
made the operation a long one, and the hemorrhage was 
considerable, and the patient died of sliock. 
Case V. Tvaumuiic Kijilejin;/ — Hemiplegia with athe- 
ionis — iSiihfiirlii'i} iij-tt eii/iilieil~~Becorery. 

H. L. J., agetl T-i, wiiawcll until thu age of 2, when he 
had a fall upon his bead followed by convulsions lasting 
eleven hours. On recovering from convulsions he was 
found to be hemiplegic on the right side and aphasic; be re- 
covered slowly during the following year, but has never 
been entirely relieved from the condition of right-side<l 
paralysis, and has always been slow in Iiis speech and men- 
tally dull. For several j-ears subsequently to the fall he web 
subject tu slight attacks of the nature of petit mal ; two years 
ago he bad his first attack of grand mal, and since that time 
has had several recurrences. The fits Ix-gin by twitch- 
ing of the eyes and head, the right side being always 
more aflfecte<l than the left side in the convulsion; and 
he loses consciousness. 

He was e.xamined by me on the 3'id of Xoveinbe 
A condition of right hemiparesis with m 
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right hand was found, the paralysis being {j;nMU>r in th» 
hand than in the face or leg. Mentally ho wan v«»ry doti- 
cient, being able to read but little and being vory dull and 
stupid ; his speech was slow but he waa not npliiutii' ; tliora 
was no affection of sensation in the pjindyw>d IiuiIm, 

The diagnosis was made of a traumatic heniorrhagu op 
a cyst in the cortex of the brain in the mnt^ir noim affwt- 
ing especially the arm area. Trephining was rucuni- 




Fm. l«.-^T1>r HtusUoB '« 



mended with a view t4 T*fiv>viUK ihu t:UA <jr tii« (.71A 
wbidi was ocBwidemd the caHw- i*f t}t"i tyuii/UftiM. 

On December 2d, Ih'jii. Im) wa* trtr]«hiiiMi by Itr. M/Hur 
Dey at Roosevelt H<jHpit<il, Mi 'n^Aiiim 'if '/n^- mui •»>» lutit 
inchef^in iJiaiu«rtwl«jigijiji'I'-'vvirrli*f urut f>r>w(Kii^ !•;> 
Tbebone and th<:-dumi^ip>;ajii'l Vj If i^i^niiiiJ. < hi i-fy/ftuyi 

OUfV-X af^fitTfi \ti Ijtr UtjnuMi, l/Ut JJwJfMli'jiU 
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)i hyp«wlermic needla reauitetl in the evacuation uf about a 
(Irat'hm of clear serous fluid from a cavitj- three-fourtlis of 
an inch below the cortex. Incision through the summit of 
the anterior central convolution gave entrance to this cav- 
ity, and an attempt to drain it was made by inserting a 
Bmall bit of rubber tissue. The dura was replaced but not 
etitched and the scalp was left open over the part of brain 
exposed. The day after the operation the boy was found 
to be in about the same condition so far as power went, 
but the right hand as high as the wrist was decidedly 
anojstlietic to touch, teraijerature, and pain, but there was 
no affection of the muscular sense. The athetosis had 
ceased. One week after the ojieration this condition of 
una<!«thesiH was much less but still remained. It did not 
affect his face, or his leg, or his body, or his arm, above 
the wriMt. He siecmed bright, had no temperature, but 
had had two attjicks of petit mal. The wound healed 
r(>ii'lily and ho wont home at Christmas and has had no 
attackM up In Maii-h, ISl'Il. He is said tobe much brighter 
ineiiliilly ami llio athetosis has not i-eturned. 

Cahk \'\. Tniinnn — Spa.-oii hi /ace — Temporary 
(i/j/iri.vi(i — VVc/iAmmhj; — .SViir in hrtn'n — Retoi^ery — 
IxWfirrrii.ro/alhirk.-^. 
.1. K.. apii 4M, was strui'k upon the left temple 
and F>iiHtaiiii<d a fnu-tnn> of the- skull in August, 
ISSU. When ho ii-tMviTOil i-oUM-ionsnt'tss ho was found to 
Ik< |wind,v/i<d ii)H>n llio rit;1i1 .-^ide and nphasic. In the 
ooiii'Hi' of tho fnlUiwiu;: f.i\ nu'tuhsthe hemiplegia gradn- 
aU,\ Hidwidi-d and tho f.|^*>Hh irraihudly improvetl so that 
hi- wiiH ablo to p' aUini hat was still nnlit for work. 
VIk<iiI 11 \ .sir after thr aocidout lie U'pm to have convul- 
ctoiit.; "I'luo of tliei-e woii' p-noral with K>S(* of timscious- 
in™, btil lali'i' tlie> Us-ttmel.viiltft'.l and have remained so 
for Ibe (wi-i two \,viri "I'liev have jTrsidiially increased in 
fih'tiuenov (mill, when mvu in IV^vmlvr. IS-':}, he waa 
hftvlUK ^»>^l^r^^l alla>-kH ev.-ry wtvk Tlie attacks b^^an 
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with a trritching of the muscles about the mouth upon the 
right side ; a drawing of all of these muscles toward the 
right with a twitching of the eyes, a gradual extension of 
the spasm to the right side of the neck and to the right 
€irm and hand. During the attack he did not lose con- 
sciousness bnt he could not speak, and had a sensation of 
tingling in the face and mouth. After an attack he ap- 
peared to be weak and was not able to talk aa well as 
before the attack. 

Examination on December 10th, 1893, demonstrated a 
slight paresis of the right side of the face, the tongue not 
deviating, and some weakness in the right arm, but no 
affection of the leg ; no disturbance of sensation ; increased 
reflexes upon the right side. His mental processes seemed 
to be slow; he underetood perfectly what was said to him, 
but his replies were slow and his use of language evi- 
dently imperfect; he admitted that he could not express 
himself as he formerly did. He did not suffer from head- 
ache, but there was tenderness over the left temporal re- 
gion. A depressed fracture of the skull running backward 
two inches about over the position of the Sylvian fissure 
was evident upon palpation. The posterior limit of the 
fracture was an inch below the location of the motor area 
of the face. 

It was thought that beneath the fracture and about 
it some thickening of the meninges had occurred 
with the possible formation of a cyst, as the re- 
mains of an old hemorrhage, and that by an ojjeration 
Home relief could be had. On December Iltth, J8SI2, Dr. 
Briddon trephined at the Presbyterian Hospital. A small 
trephine opening was made over the motor centre of the 
face and a larger one an inch below over Broca's convolu- 
tion. The inter\-ening bridge of bone was removed and 
the opening enlarged in all dii-ections by the rongeur, the 
size of the opening being two and one-half by two incliea 
(Fig. 17). On removal of the bone a ]terceptib!e thickening 
of the dura, especially over tlio face centre, \v-as seen. When 
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the dura was divided it was found to be three times 11 
nary thickness and closely adherent to the pia. It waa 
stripped off carefully. The pia was found adherent to the 
braiu and very cederaatous. The brain substance at tbej 




lower part of the anterior central eonvolutiiin was appar- 
ently replaced by a connective- tissue mass. Where the dura 
was most thickened and its adhesion to the pia and the brain 
closest the brain exposed in tlie lower half of the opening ap- 
peared softer, darker, and abnormal. A hemorrhage had 
probably taken place, and as the result there remained a 
mass of scar tissue, chieiSy connective tissue, beneath thfliH 
pia mater. When the pia was divided it was found to lM9 
about a line in thickness. The gray matter of the bra 
had been reduced in its thickness so that the incision inM 
the pia showed at oiiie the white matter lying beneath iu 
This condition extended forward beneath the seat of t 
fracture, occupying a space about half an inch wide by b 
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inch long just Hbove the fissure of Sylvius. The adbesioa 
between the dura and the pia was broken up by the handle 
of the scalpel, but it was not thought best on account of 
hemorrhage to attempt the removal of the altered pia and 
brain. The wound was immediately closed and healed 
well by primary union within ten days. 

The patient had two very slight attacks during the fol- 
lowing two months and complained of some stiffness in 
the motion of his jaw. The pathological condition found 
precluded any hope of cure. 

Case VII. Traumatic epilepsy — Trephining — ,Vo re- 
stdt. 
Male, aged 23, bad a fall five years ago, hit upon 
the vertex to the right of the median line t 




anterior to the fissure of Rolando. He soon developed 
1 epileptic coiiv\ilsions wliich began with a visual 
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aura, consisting of a green light before his eyes. The 
attack was of the nature of a general convulsion, with a. 
total loss of consciousness; there was no localized move- 
ment. In addition to the general convulsion he had occa- 
sional attacks of petit mal. Physical examination failed 
to show any disturbance of sensation or of motion. He 
was trephined by Dr. McBumey, June 10th, 1893, over 
the seat of the fracture. The depression was found in the 
external table, not extending to the internal table {Fig. 
18). The dura and pia were found to be normal, and tlie 
brain presented a normal appearancf. The patient re- 
covered from the operation, was out of the hospital in two 
weeks. At his last visit, October, ISlfS, he was still hav- 
ing his fits, having had five in the jja.ft four months. 
Case VIII. Trcniinatic epileps;/ — Spasm in right hcnid 
— TrephiniiHj — Iiitprnrempiif — Relapse — Death. 
P. B. C, male, aged ;to, was hit in April, 1S90, over 
the left side of the head by a sand-bag and was taken to 
the Roosevelt Hospital, where he lay for twelve days in 
a state of unconsciousness. There was no fracture of the 
skull. He gradually recovered and was able to retiuTi to 
his home in the South in July, and on Jidy 2:(d had two 
fits. Each fit began with tingling and movement in the 
right hanil, extending to the face, which was drawn to 
the right, anil the mouth was ojiened and closed, then the 
8pe«ch was k>8t. In five minutes thf attack had passed off 
and he felt prctfj- ^\■cll. Hiich attai'ks were re[»eated in 
August, September, and October; all of the attacks being 
of the same character, excei>ting that on two occasions 
he lost consciousnoss for u few minntL'S. Examination 
in Octotjer, ISi'O. failed to reveal any deformity of the 
skull or any oviilence of hemiplegia. He was rather slow 
and deliberate in his speech, willi stime slight hesitation 
for words, hut this he nmintainiil was liis usual niamier. 
His discs were clear, and his pnjiils eipial. He was put 
upon bromide and U'lladonnn. which he contiuuetl until 
March, 1891, during which time lie had no attacks. 
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Between March and Jiiue, he averaged one severe attack 
and three slight attacki^ every month, all of which vrere 
similar to the attack first described. After each attack he 
noticed a decided difficulty in hia speech, and the slowness 
of speech previously noticed still iiersisted. While there 
was no apparent chimsiness or aniesthesia in hia right 
side, the power in his right hand was 100 as compared 
with 110 in hia left. His personal equation was about 







normal, hearing beiug yVij of a aecond, sight ^b\ of a 
second, an average of seven tests being ttiken. 

It being thought that the injury bad probably produced 
a small hemorrhage upon the surfjice, the remnants of 
which might be removed, it was decided to trephine him. 
The operation was jierfornied in Jime, 1891, by Dr. 
McBumey, an opening being made over the arm centre, 
and extending downward toward the face and motor 
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Speech centres (Fig. 19). No evidence of fracture was 
found in the skull, and the dura was not adherent, and the 
brain appeareil to be normal. The wound healed perfectly, 
and by December the hole in the skull had become filled 
up by a tense membrane, so it could not be depressed to 
any extent by the finger. He liad two attacks between 
June and December. These attacks were of the same 
character as those occurring before the operation. He 
still talked slowly. During 1S92, his attacks became 
more frecjuent, he developed severe headaches and optic 
neuritis, and he finally died in November, 1892. Hewas 
not under my observation after December, 1891. It is 
probable that there wiis present in this caiie a small subcor- 
tical tumor at the time of the operation, which escaped 
detection and afterward grew until . it finally caused his 
death. 

Case IX. Trauma— Spasws in left hand—Cyst evac- 
uated — Retnirenve of fits. 
A child, aged 3, had had a fall, hitting upon the 
right side of the head, and three months subsequently 
had developed spasms in the left arm which occurred at 
first occasionally, and later sometimes as freijuently as 
seven a day. The arm was slightly weak. An apparent 
defect in the bone was felt in the right mid-parietal region. 
It was decided to make an expk.ratory operation. This 
was done by Dr. Poore in October, IH8!i, at St. Mary's 
Hospital. On exposing the bone a triangular defect was 
found in it with a thick connective-tissue membrane filling 
it (Fig. 31)). Beneath this memhrajie was a cyst which 
was evacuated. The bone was not trephined on account 
of evidence of shock following the evacuation of the cyst ; 
the operation was terminated. The child recovered from 
it, was free from her spasms for a year ; recovered in the 
mean time the power in the arm. At the end of that 
time, however, the attacks Ijegan again. The pnibability 
is that this cyst has refilled with fluid and a second oper- 
ation is contemplated. 
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Case X. Trauma— Depressed fracture — Spasm be- 
ginning with turning of the head — Trephining — 
Recovery — Recurrence of Jits. 
T. M., male, aged 21, had a fall at the age of 7, 
producing an extensive fracture of the left j>arietal ajid 
frontal bones, which waa immediately followed by right 
hemipl^a and motor aphaBia, laBting a year and 
paBsing off. At the age of 14 he began to have 




general convulsions, wiiich always began with a turning 
of the head to the right and were followed by a loss 
of consciousness. For the past seven years he has 
had Buch fits at intervals, haviiig had as many as 
five in one day, but under bromide the rate has beenabout 
one in three weeks. He has not developed mentally in a 
proper way. He has little self-control, ia irritable, quar- 
nlsome, and ugly. He bus fair intelligence, being able 
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to read and write, but is not fit to do any but simple 
work. 

Examination October 14th, ISSlS, showed a trace of the 
old hemiplegia, the right side being smaller and somewhat 
weaker than the left. His speech was fair but he talked 
with some hesitancy. A depressed fracture of the frontal 
and parietal bones was found over the junction of the 
third frontal and anterior central region on the left side. 




On October l.sth, ISltS, he was trephined by Dr. Hart- 
ley, at Rimsin-elt Hospital. l)n laying back the scalp two 
deep depressions in the skull were foimd with a long 
angular depression l>etween them (Fig. ^1), Thiis lay in 
front of the fissure of Rolando, alM)ut opjiosite to its lower 
third. The skull waf very much thickeneil at the site 
of the t>l(! fracture. The Iwmc was cut away over an area 
about two and one-half inches square. It had evidently 
made considerable pressure U|x>n the ti.ssne iM-'ueath. The 
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bone was adherent to the dura, and when the dura was 
divided and reflected it was found to be adherent to the 
pia. The pia was thickened and cloudeti and formed a 
cover of thin wliite connective tissue upon the brain. The 
cortex beneath the pia looked abnormal. It was rough on 
the surface, appeared redder tlian tlie adjacent cortex, the 
pia was closely adherent to it and contained an unusual 
number of capillarj' vessels. The appearance suggested 
an increase in the connective -tissue elements of the cortex 
with a high degree of vaHculariziition. The brain pulsated 
normally. Puncture through this abnormal tissue failed 
to reveal any cyst beneath it. The wound was dosed and 
healed readily, the man being up within a week of the 
time of operation. Ho had one fit on December 28th, ISftS, 
and none since up to March lSO:i, though he had five the 
week before the operation. His mental condition ia 
certainly much better than before the operation. 

Case XI. Trauma — Spasm in the right arm — Tre- 
phining— Recovery — Return of attacks. 
E, "W., male, aged II, was perfectly well until January, 
1890, when he fell, strikingupontheleftparietalregiun of 
the skull, cutting the scalp but not fracturing the hone. 
This area was tender some weeks subsequently to the fall, 
and he has had pain in it at times ever since. Soon after 
the fall he began to have attacks, which Ijecame frequent, 
which always occurred at night, and which were always 
alike. The attacks l>egan with a dosing of the fingers 
and thumb of the right hand and a twitching (jf the same. 
The arm was then flexeil and trembled, and the hand was 
brought to the face by a movement at the shoulder; the 
face upon the right aide then Iwgan to twitch, and the 
head turned slightly towanl the right. At this point he 
wakened from his sleep, perceived a sensation as if hia 
raouth were full on the right side, felt a slight numbness 
in his cheek, but at the moment of waking the spasm 
ceased. The siiaam never extended to the leg or to the 
muscles of tie other aide of the body. The attacks never 
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occurred when he was awake or in the day-time, but as 
many as six have occurred iu one night. 

Examination on Febi'uary lilth, 1892, failed to reveal 
any evidence whatever of disturbance of sensation or 
motion. His mental condition was perfect, his eyes were 
normal, and he had no symptoms to complain of. 

The condition was, therefore, one of pure Jacksonian 
epilepsy in the right hand developing subsequently to a 




blow upon the bead, but witbuiit any jR-nnarK'tit defect of 
power or sensation. 

The patient was trephined by Dr. McBuniey, on Feb- 
ruary 35th, 18!fJ, at St. Luke's HoiapitJil. The opening 
was two by one and one-half indies over the middle third 
of the fissure of Rolando, and exijosing the adjacent cen- 
tral convolutions (Fig. 32), The Ixme was found to be 
normal, the dura was adherent to the Ivme, and a small, 
whitish plaque of connective tissue was fnuml on the 
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dura. The dura was nut adherent to the pia, and the 
brain appeared to he perfectly normal; no cjst and no 
remnants of a clot were found. The wound was closed 
and within two weeks the boy was as well as before the 
operation. 

During the month of March he had six slight attacks, 
the face only being affected. During April he had one 
attack; during June he had two attacks; since June be 
has had no attacks of the former character. 

During August and between August and October he 
developed a new kind of attack at night which at first 
appeared to be of the nature of somnambulism. These 
were at first occasional, but by October had- become aa 
frequent as three or four in a night. They could be 
brought on by disturbing him in his sleep, either by noise 
in the room or by shaking him. The attacks consisted of 
the following motions: he closed his fyos tightly for a 
moment, then opened them and Ux>ked around, but evi- 
dently saw nothing conaciously, as be did not recognize 
any one present or reply to a t|uestiou addressed to him. 
His lips then twitched slightly, as if an attempt were 
being made to whistle, and the mouth then opeut'd slowly 
and was held wide open for a few seconds; bu then apiiar- 
eotly tried to rise up in bed, and sometimes succeeded in 
getting up upon hia knees. There was no convulsive move- 
ment of the limbs whatever. UMUfilly aftiT a few seconds 
he lay down again, took a long brejith, followed bj- two or 
tbree short breaths, and then the attack was over. Occa- 
sionally he woke up, and if fo he always knew that some- 
thing had occurred, but was uuable to give any ju.-cnunt of 
what the sensation was which enabled liim to distinguish 
such a waking from that from ordinary sleep. He was 
perfectly well in the dny-time, and is a very bright and 
active boy. I witne8>(e<l two of these attacks. 

The boy's father was for many years a sleep-walker, 
and the boy is known to have w;ilked in his sleep. He is 
a restless sleeper, ami freijuently talks in his ^leep. For 
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this reason these attacks were thought to be of a » 
bulistic nature. But during November they become mure 
severe and a decided convulsive movement of the arma 
and legs developed. The limha were all ri!=;idly extended 
and trembled violently, the right hand was tlexeii, the left 
hand extended, and after the attack he drooled at the mouth 
and breathed stertorously for a minute or hvo. 

Treatment by gradually increasing (loses of tincture of 
belladonna, from five drops every night up to thirty-five 
drops every night, had little or no influence upon the at- 
tacks. On December 20th, 1893, he was put upon bro- 
mides which immediately re<luced their number and sever- 
ity, and he is upon bromides at the present time, March 
1893, and is entirely free from attacks. 

Case XII. Traninaiir fpilepmj — Trephining — No 
result. 
Male, aged 50, had had a fall several years before 
the time when be was first seen, March, 18'J2. Sub- 
sequently to the full he had developed fits, beginning in 
the right baud. He had been trephineil in 18SII, in Bur- 
lington, Vt. The hand centre had been exposed, but noth- 
ing had been found and the fits had coutinued. On 
examination an old fracture of the skull whs found in the 
frontal bone anterior to the motor region of the brain. Aa 
he was anxious to be oi>eruted upon, trephining was done 
by Dr. McBurney at the seat of this fracture. The frac- 
ture was found to involve the external table only, the in- 
ternal table not being affected (Fig. "J3). The dura ap- 
peared to be normal, as did also the pia and brain. The 
wound healed readily aiul lie was discharged from the 
hospital in two weeks. At the date of last re]mrt, October, 
18'.I2, his fits continued as before. 

Case XIII. Tniunia—Epilep.it/.^Xn result. 

J. F., aged 32, had a severe fall when a boy about nine 
years of age, leaving a scar over the loft |)arietal bone. 
When 23 years of age he began to have epileptic attacks, 
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consisting of general convulsiona with epigastric aura. 
He had had Binc« that time as many as five fits a day, 
and was having two or three every week when first seen 
by me, March 1st, 1890. The attacks did not begin 
nniformly. in any one set of muscles, hut were general. 
In addition to the convulsions he had attacks of petit 
mal, daily- His attacks were so frequent as to unfit him 
absolutely for work of any kind, but had not apparently 







affected his intellect to an\ extent Exainiuittimi showed 

no evidence whatever ot distiirbanc of senwation or of 

motion. Bromides had failed t") control the attacks, 

though reducing their frequency somewhat. He was 

trephined on the 8th of March, 18!I0, at the Rixispvelt 

oepital, by Dr. McBumey. The olil scar was exiKwed, 

fracture in the external table wim found fFifr. "24). 

lection of bone two by three inches in diameter was 
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removed. There was no fracture of the internal table. 
There was no aflfectiou of the dura and pia and the brain 
appeared to be normal. 

He recovered from the opei-ation and was able to leave 
the hospital in two weeks. On April iBt his attacks re- 




turned, and have been as t'ruqueut up tu Uctoher, IS'Ji, 
as they were before the i iiieratitm . 

Thp reyiilt uf tliewi.' i.-ases may be sunuuiinzed as 
follows; cured ■!; im]m)Yefl ."i ; imt iiiii>rovet] 4; died I. 

To these cases of iny own I ripjiend slini't sum- 
maries of a numl«?r of cases of I'l^lcjwy wliich have 
been operated upon within the past few years in this 
country. 
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(1) D. B. L,, m., 25, Keen, Aiiier. Jour, Med. Set., 
October, 18S8. 

History. — Fall on right side of head, November, 1886, 
unconscious for several hours. Some days after found 
left fingers auEestbetic. Six months after had uudden at- 
tack of vertigo followed by temporary paralysis of left 
hand. These attacks continued during following year. 
Depressed fracture found over middle third right motor 
area. 

Date of operation.— April 18th, 1888. 

Character of operation. — Trephined over depressed 
fracture. Adhesion of membranes. Spicula of bone ])ro- 
jecting into brain. Cyst found under the fracture. Brain 
about it altered in color and thickened, was exrispd. Mi- 
croscopic examination showed a chronic men ingo- en ceph- 
alitis of the excised brain. 

Result. — Temporary paralysis of hand. N<i return of 
the fits up to four months after operation. 

(2) I. G. W., m., ;J5, Lloyd and Deaver, Amer. Jiiiir. 
Med. Set., November, IHHS. 

History. — Struck on head at iigeof Ifi. From age of 21 
to 35 had fits beginning with mimliness and apiism iu left 
hand and arm extending to left side of face. These l>e- 
came frequent and were follrnvwl by paresis of left himd 
and face. Consciousness not often lo^t in attack. 

Date of operation. — June 12th, 1888. 

Character of operation. — Trephined over junction of 
middle and lower thinls of motor area. Brain normal. 
Hand centre located by faradisni and excised. 

Result. — Convulsions continued at tirsi, liut after tlii-ee 
weeks ceased and hiul not ri'tui-ucd at end of thrwrnnnths. 
Paralysis ajid anjesthesia in Ifft hand pennanent. 

(3) P. H., m., -in, Frank and Church, Amer. Jnin: 
fed. 8ci., July, 1890. 

History. — For a year had attacks l>eginning with pain 

id Bpasm in right index finger, involving rest of hand, 

8t and ami. tlion loss of consciousness and general c-oii- 
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vulsion. Pain in right hand nnd increasing paralysis with 
contracture. Right leg slightly weak. Some aphasia. 

Date of operation. — May 21st, 1889. 

Character of operation. — Trephined over left motor 
area middle and lower thinl. Thick cicatricial mass 
found on cortex and removed. Brain excised one and one- 
half inches in diameter, one-fourth of an inch thick. 
Mass found to be sarcoma. 

Result. — Some improvement, followed by return of fits 
in three months, at much longer inter\-als than before the 
operation. Paralysis much improved. 

(4) C. T., f., 39, Keen, Amer. Jour. Med. ,Sc/., Sep- 
tember, 1891. 

History. — Fall, on left side of head. Two convulsions 
in 1 1 years. Then frequent attack.s from age of 13 to 31. 
Fits began by flexion of rigbt hand foUowetl by spasm of 
arm and then general convulsion. No paralysis. De- 
pressed fracture on left side over arm centre and defect in 
bone. 

Date of operation, — October ii9th, 1890. 

Character of operation.—Bone and membranes taken 
away about the depression. Projecting pieces of bone 
removed. Brain beneath disorganized and depressed. 
Hand centre located by faradism and excised. 

Result. — Paralysis of the hand with anjesthesia gradu- 
ally passing off. No attacks at pnd of eight months. 

(5) G. H., ni,, -i-.i, Kwn. Amer. Jour. .Ucf/. .SW. , Sep- 
tember, IH'.H. 

History. — Fracture of skull. Fits two years later from 
age of 9 to 32. General convulsions. Marked depressed 
fracture. 

Date of operation. — November '.Jlst, 1890. 

Character uf iiperatioit. — Depressed fracture over lower 
jKirietal convolutions on right side found. Bone deficient. 
Dura absent. Brain adherentto scalp tissue. When this 
a^lbesioD was divided the brain surface sank away from 
the skull one-third inch. No effect of faradism on brain. 
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Result. — -Recovered. Two attacks after operation with- 
in two weeks. Since then none. Report six months after 
operation. 

(C) S.W., f., 27, Mills and Keen, Amer. Jour. Med. 
Set., December, 1891. 

History. — For ten years had attacks of numbness and 
epasms beginning in the left arm and leg and frequently 
limited to them, but occasionally becoming general, usually 
without loss of consciousness. No permanent paralysis. 

Date of operation. — December lOtb, 18'J0. 

Character of operation. — Trephined over right motor 
area. Bone thick. Membranes adherent. Small sarcoma 
foimd and removed. Also a small portion of cortex which 
was found to be normal on microscopic examination. 

Result. — Paralysis, which passed off in a few weeks- 
Attacks continued as before for six months up to report. 

{:) G. O., m„ 8, Morrison, Trans. Phil. Co. Med. Soc., 
May 25th, 181J2. 

fli's/orj/.— No traumatism. Convulsions from age of 2 
to 8, at first slight, later severe, beginning with face and 
head turning to right. 

Date of operation. — August SDth, 18!U. 

Character of Operation. — Trephined over junction ot 
temporal ridge and coronal suture. Dura and brain normal. 

Result. — Recovery, Fits recurred three weeks after 
<q)eration and continued, 

(8) A. C, f., 11. DiUer, Pitts. Med. Rev., November, 
18fla. 

Stsiory. —FaW at six months; convulsions and left 
hemiplegia. From age of i to 11 convulsions beginning 
in left arm, then face, then leg with unconsciousness. 
Left hemiplegia worse in arm. Sensation diminished in 
left arm. 

Date of operation. — January' 9th, 18!*1. 

Character of operation. — Trephined over motor area 
of arm, on right side. Fissure in bone; cyst found un- 
der cort«x contained three ounces dear fluiil. Dniined. 
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Result. — Recovery. Accumulation of fluid in the cyst 
when drain was removed. It was replaced and cyst 
drained for forty duya when fluid became purulent. She 
died on forty-third day. 

(li) A. N., f., 31, A. B. Shaw, ^wer. Jour. Med. Set., 
December, 1892. 

Hisfortf. — ^General convulsions occurring Hpontane- 
ously, alternating with local spasms and always preceded 
by numbness in right hand and arm. The spasm often ex- 
tended from arm to leg. Pain and parsesthesiai continu- 
ous in right arm and increasing paralysis in arm and later 
in leg. Duration two years before operation. 

Date of operation. — December Htb, 1891. 

Character of operation. — Trephined over arm area of 
left side. Bono thick, adherent to dura, veins large in pia. 

Softened pigmented brain tissue found under dura and 
partly washed away. No jjus found and no cyst. 

Result. — Recovery fnmi operation. Relief of pain and 
pariesthesia. Permanent paralysis of arm. No convul- 
sions up to seven months after operation. 

(10) W. H., m., 18, Knapp and Post, Boston ^fetl^cal 
anil Snr/ficul Journal, Jannarj- 7th, IS'J'i. 

Nifiiorff. — Struck over right temple in 1SH2. In 1883 
conv-ulsions began and have continued until the tiperation, 
four or five daily. Fit begins with turning of head to the 
left, then left side of face and neck and the left arm are 
con\'ulsetl, sometimes general con\-ii]sion follows. 

Date of tiperalii)n.~-yiay 1st, 18;il. 

Scar over posterior jwrtion of secimd frtinlal convolution 
on right side. Trephined hereby Dr. Post. Oi>eningtwo 
inches in diameter through the Iwnewas made. Bone was 
very tlun. Dura normal and pia cedeniatons and opaque. 
Brain niarkeiily bliiiwh, 

Wc« ((//.— Recovery from the operation. Recurrence of 
the fits as before during following six months. 

(11) K. F., f.. Hi, Knapp and Pnsl. Rtisfon Medical 
and Surgicat Journal, January Tth. ls',i-2. 
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History, — Was struck on the heiid in IwSo. Since then 
constantsevere headache. In November, IHHI, convulsions 
began, general in character, commencing with turning o£ 
head and eyes to the right. Depressed fracture over left 
second frontal convolution. 

Ojwra^on.— November 24th, ISflO. 

Bone adherent to dura and much thickened. Durti ad- 
herent to the brain. Dura and a portion of the brain 
substance excised. 

Result. — Subsequent history during following four 
months showed a continuance of convulsions. 

(1^) L. C, ni., (i, Sachs and Gerster, Amer. Jour. Med. 
Set., November, 18il2. 

History. — Said to have had brain fever at age of 10 
months; at age of 5i years first right-side convulsion, re- 
peated at inter\'al of oue week; right hemiparesis since 
first attack; athetoid and associated movements. 

OpejYif/o/!.— Decemlter d'.Hb, 18:tO. 

Exposure by chiselling of motor area of right arm, de- 
termined by faradization. Dura tense and adherent^ 
puncture; no cyst found. 

Result. — Recovery excellent; no convulsions up to Feb- 
ruary 2d, 18(11, when hoy was discharged from hospital; 
after leaving hospital had one mild attack; not heard 
from since. 

(13) W. C. H., m., 2(1. SachH and Gerster, I.e. 

History.— At age of 12 years was pushed back over pole 
of a wagon; supposed to have struck back of head (?); un- 
conscious for a few minutes, hut worked as usual; i:ine 
week later general epileptic convulsions ; has jietit mal, and 
above all Jacksonian epilepsy involving muscles around 
right half of mouth. Occasionally eyes are involved. Xo 
loas of consciousness with majority of attacks. 

Operation. — February Kitli, 1>>!J1. 

Exposed centre for representation of angle of mouth 
according to Hor.>jley ; atlhcsion.-J under the button nf hone ; 
small cysts on dura; on puiictiu'e a little li!<»>ily fluid. 
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Faradization over dura caused contraction only of right 
angle of mouth. Large opening; button not replaced. 

Result. — Attacks returned after operation and have not 
been diminished, and eyes are more frequently involved. 
No improvement. 

(H) M. K., m., 16, Sachs and Gerster, I.e. 

History. — At age of 18 months fell out of wrindow; since 
that time epileptic attacks at varying inteirals; has had 
tremendous doses of bromides; il]-tem|)ered and stupid; 
stopped bromides; no attacks for three weeks, then left- 
sided convulsions becoming general. 

Operation.— Fehruary 23d, 1S91. 

Largt" trephine opening over motor area for arm and 
leg, right side of skull. 

Result.— Qo()d recovery, but no cessation of attacks. 
No improvement. 

(15) E. L. M., m., 30, Sachs and Gerster, l.r. 

History. — Traumatic injury to right side of head ; gen- 
eral epileptic attacks. 

Oj>erotioH.—Ju\y 24th, 18112. 

Trephining over occipital depression; adhesions over 
the depression. 

Result. — Did very well except that he developed delu- 
sions of persecution. Attacks returned within two weeks; 
alcoholic excesses. 

(Ill) J. D., m., 8, Sachs and Gerster, I.e. 

Hi-Htonj. — Traumatism at seven months; six months 
previous to ojieratiou began to develop auditory and ol- 
factorj' aurte and then general epileptic spells ; chronic ear 
discharge; if ear ceased discharging spells liecame worse, 

Opero/ioH.— August "14th, IS!)]. 

Opening of mastoid and removing two sequestra of 
bone. 

Operation.— '^c,vem\yeT ITth, ISO]. 

Mastoid opened agani and silver canula inlroiluced to 
secure permanent drainage. 

Facial palsy of left side. Sejitember lOth, attack; re- 
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peated attacks of convulsion of right side until second 
operation, but none since; last report August 15th, in'.i'i. 

Result. — Great iniprovement after second operation; 
no attacks up to date. 

(ir) T. C, m., i',, Sachs and Gerster, I.e. 

History. — At age of Hi years was severely kicked by a 
man over the right side of occiput ; Bix months later epi- 
leptic attacks which have continued noctumally about 
every six weeks since. No hemianopsia, Marked depres- 
sion in skull; was eight weeks without any attack; at- 
tacks then returned. 

O^er a/ 10 /t. ^November 20th, 1801. 

Trephining and chiselling over scar; tremendous exos- 
tosis indenting underlying part of brain. 

November i'iA, short spella; none while iu hospital; 
discharged December loth; has g(jne out West; has at- 
tacks every six weeks, but milder; reports that his mem- 
ory is better. 

Result. —^orae improvement in severity of attacks 
eight mouths after operation. 

(18) H. L., m., 24, Sachs and Gerster, I.e. 

History. — Six jears ago fell down; thinks he struck on 
right side of occiput ; one year later lirst attack, right 
hand and leg convulsed. At first had attacks six times 
daily, lately three or four times in two weeks. 

Operation. — January 29th, 181(2. 

Motor arm centre on left side exposetl ; part of dura but 
no cortical tissue removed. 

Second operation Jlarch 8th, l^!l2. 

Removed arm centre as determined by electrical teats, 
with slight resulting paresis. 

Result. — Repeatal attacks after both oi>eration9. No 
improvement worth mentioning. 

(10) C. D., f., 1), Sachs and Gerster, /.c. 

History. — Fell out of bed at six months, striking head 
against bare flixir; at ten months a tedious illness, slow 
in development; at age uf tivc years began to have in- 
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numerable convulsions (at least fiftj' per ilay). Idioc 
Parents insisting on operation. 

Operation. — Februarj- 15th, IS'Jd. 

Large trephine opening over left side of head (motorl 
area). 

Jiesutt. — Attacks not quite so frequent as before. 
Slight improvement. 

(30) K. A., m., 9, Sachs and Gterster, I.e. 

History. — At age of five years bad a "congestive chill" 
and spasms; do paralysis at the time; two or three years I 
later lieveloped Jacksonian epilepsy beginning in left band I 
without loBB of consciousness; no evidence of palsy; boy ] 
feels left hand drawn up in cramp. 

Opera//oK,— April 13th, 18SI2. 

Excision of band centre in right hemisphere; removed 
considerable tissue ; hand was paretic for a few days. 

Did very well in hospital for six weeks, but as soon as 
he left hospital and ran about had severe attack with loss 
of consciousness and involuntary passage of urine. 

Result. — Some immediate improvement, but no lasting 
benelit from operation : in later attacks right arm was also 
involved. 

(ai) J. B. G., m., 34, E, I). Fisher; iwraonal commu- 1 
nication. ' 

History. — Habits intemperate; no history of syphiliaj 
family history negative; a history of injury to the hec 
fourteen years ago; had epileptic seizures for the ] 
twelveyears. Following the attacks, lie became mania-J 
cal, destructive, iiud homicidal. 

On examination, the patient was found to be well r 
isbed, intelligent, quiet; he had a slight depression oi 
left side of the head corresponding to the band centre o 
the motor area. 

Operation. — May, 1892, at Bellevue Hospital, by Dr. Jlnl 
D. Br>'ant. 

' I am indebh^ to Prof, fislipr for the five following ci 
publiafaecl. 
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The skull was trephined, the ojiening eulargetl to a 
diameter of about three incheh There nas mi evidence of 
internal fracture or of adhesums of the membranes. The 
dura was opened, and the hand centre located by the fara- 
dic current. The patient made a good recovery from the 
operation, although for two or three da\s there was a con- 
siderable elevation of temperature without evidence of any 
suppuration having occurre<l in the wound. 

Result. — The attacks at first increased in frequency, 
and were not change<l in character; later they decreased 
Bomewbat in number, but finally resumed their old fre- 
quency and nature. The patient was recommitted to the 
insane asylum on Ward's Island. 

(22) J. H.. m., 23, E. D. Fisher. 

Hiaiortj. — Family history negative. He gave an indef- 
inite history of having i-eceived an injury on the head. 
The attacks were character ize<l by alwa3'B commencing 
in the fingers of the left hand with a sensory aura passing 
toward the face, with resulting loss of consciousness, after 
which the convulsions became general. Patient's mental 
condition showed signs of dementia^never violent. 

Operation. — ^May, IK!i2, at Bellevue Hospital, by Dr. 
George Woolsey. 

The patient was trephined over the right arm centre, 
and a considerable portion of the skull removed. Nothing 
abnormal was found. The dura was openetl, and again 
united. The hand centre was located by the farsidic cur- 
rent, but was not excised. The (latient made a good re- 
covery without elevation of teniiierature. 

Result. — ^The attacks, however, continued to lie as fre- 
quent as before, but no longer commencpd on the left aide, 
being general in character. Patient's mental condition 
was unimproved. Admitted to the Ward's Island insane 
asylum, Decemlier, lS!t2. 

in) A. B.. m,, :!S, E. n. Fisher, 

HiHtnrif.—tiogHtWc f;imily liistnry. He w;is a moder- 
ate drinker. Hi- giiv.' a liist..ry ,.1 injiyy t^. thp li.-ad re- 
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ceived five years previously from a club. About oue year 
after this, he began to have slight attacks of an epileptic 
nature, which finally developed intt) complete eeizurea. 
Severe attacks occurred about once a month, and slight 
attacks everj- day. His memory became somewhat im- 
pair etl. 

On examination of the patient a depression over the 
parietal bone was found behind the motor area. 

Operation in March, 18!)2, at the City Hospital, by Dr. 
J. E. Kelly. 

The patient was trephined over the site of the depres- 
sion. The inner table was found depressed and pressing 
the dura, but there was no evidence of internal fracture. 
The dura was not opened. The patient made a good re- 
covery, aud leaving the hospital in the summer, continued 
at work for two months. 

Result. — Up to dnUi reports that he has had no seiz- 
ures of any kind unlesss light attacks of dizziness when 
exposed to the sun may be counted as such. 

{•ii) A. D., f., 20, E. D. Fisher. 

Hintory. — Family history negative. She gave a history 
of attacks from childhood. The attacks have been almost 
continuous, and limited usually to the left side. Patient 
very much demented. The attacks at times, and just 
previous to the operation, were as frequent as one hundred 
in a day. 

Operation at the City Hospital in June, by Dr. J. E, 
Xelly. 

The patient was trephined over the right motor area, 
and a considerable portion of the skull removed. Nothing 
found. The hand centre was locatetl by the faradic cur- 
rent. A small jKjrtion of this centre was excised. 

Result. — The patient died six hours after the operation, 
probably from the combinetl effects of her pr>.'vious exces- 
sive seizures and the shock of the ojieration. 

(25) A. C, m., 2ti, E. D. Fisher. 

History. — Family history negative. The attacks were 
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very frequent, general ; patient demented and given to ex- 
cessive masturbation. He gave a historj' of an injury 
received from a fall when 12 years of age. On examina- 
tion, a considerable depression was found over the left 
frontal bone, at the margin of the hair. 

Operafinn at the City Hospital in May, by Dr. J. E. 
Kelly. 

The patient was trephined, and a considerable area over 
the frontal bone removed, but no sign of fracture nor any 
adhesion of the dura was found. 

Result. — The patient made a good recovery without 
elevation of temperature and for some weeks after the 
operation seemed much improved in thin mental state; 
the attacks were very much decreased in number, and 
he ceased masturbating. Later, hia condition became 
about the same as previous to the operation, and he was 
transferred to the insane asylum. 

There are many patients suffering from traumatic 
epilepsy who manifest mental symptoms either asso- 
ciated with the fita or developing in place of the fits. 
C. F. MacDouald reports the following cases : 

(26) J. M., m., 2!), MacDonald, Jour. iVery. and Men f. 
Dis., XIII., August, 188fi. 

A patient in the Auburn asylum, suffering from mania 
which had developed after a blow on the head with de- 
pressed fracture of the skull over the right ear, correspond- 
ing to the superior parietal lobule, was found to be the 
Bubject of severe general convulsions. Dr. MacDonald 
trephined, removing the bone, which was thick, roughened, 
and adherent to the dura. The patient subsequently re- 
mained entirely free from his epileptic attacks, and grad- 
ually recovered from the condition of mania, so that he 
was discharged cured seven months after the ojjeration. 

(27) J, C, m.. U, MacDonald, l.r. 

The patient had been a chronic epileptic with periods of 
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insanity for eight years, each attack being followed by a 
period of mania. He was found to have a depressed frac- 
ture over the right occipital region said to have occurred 
at the age of six, and he suffered from pain at this loca- 
tion. He was trephined August 25th, 1885, a button of 
bone being removed and the dura not opened, A year later 
he had had no fits at all, and though partly demented, wms 
free from delusions. 

Park has recently ri'jxirted two .^uch cases, as fol- 
lows : ' 

(38) Tbefirstwasinamanof :(l,who,ou July^Oth, 1891, 
was kicked in the left side of the head by a horse, and who 
some time later was found unconscious. He was carried 
intt) the house, siud was aroused. He had no paralysis, 
but in three days began to act strangely and soon became 
wilful and almost violent. He developed erotic tendencies, 
and growing rapidly M'orse could not be kept at home. On 
July *J8th, he was sent to me by Dr. Krebbiel, of York- 
shire Centre. At Ihis time the patient was difficult to 
control and mildly maniacal. July tJlith, I found a de- 
pressed area on the left side near the parietal eminence 
and a little anteriorly to it ; yet he had alisoliitely no motor 
symptoms. At this point there was an H-shapetl scar. 
Iinme<iiatt> operation was done under chl()roform. Beneath 
the scalp I found a depression about the size of a half- 
dollar, ai-ound which I chiselled so as to entirely lift and 
remove the depressed portion. The bone was well com- 
minuted; there was a small clot lieueath the bone, but 
none beneath the dura. The Iwne wus not replaced and 
the wound was closed without drainage. He made a 
mpid recovery; returned home in one week with his mind 
nciirlj' clear and his disposition as it had been before the 
injury. 

(■i'.i) The second case was in a man of ir*. wlm, when a 
I Roswfll Pnrk. M.-d. NeivM, Ihf, IWIi, iHfi-l. 
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young man, had had an extensive compound fracture of 
the skull, and who for a while was under the observation 
of the late Dr. Gray, of Utica, who advise<l against oper- 
ation, in accordanc'e with the practice of bis day. Of late 
years the man has developed distinct epileptiform seizures 
followed by violent maniacal attacks, during which he was 
positively dangerous, so that his family lived in constant 
fear; moreover, bis disposition and temper seemed to be 
gradually changing under this stress, and it got to he a 
question whether he should submit to an operation or be 
sent to an asyhim. He was placed in my bands for oper- 
ation by Dr. Putnam. This was made during October, 
18[il, the depressed hone being removed, adhesions sepa- 
rated, and a portion of the scar exsected. The change in 
this case for the better has been most marked and most 
gratifying. While it is too much to say that he has not 
had a single seizure since the operation, they have been 
reduced to very mild and very rare attacks, and I believe 
it is now some months since he had anything that could 
be called a fit. In temjjer and disposition he is also quite 
his old self again. 

The result in these cases may Ire summed up as 
follows : cured 1 1 ' ; improved tl ; not improved 1 1 ; 
died 2. 

These cases are sufficient to show that in many cases 
of epilejisy the attack begins with a clearly localizable 
spasm which extends from the jiart in which it begins 
to other parts in a definite oi-der iif progre-ssion. The 
majority of such cases have develo^wd subsequently to 
an injury. The operation of trephining often reveals 
decided pathological conditions in these cases which 
require special notice. 
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Pathological Changes Observed. 

In studying the cases here described the most 
interesting feature is the pathological conditions 
which have been revealed during the operation. 
These have been mentioned in connection with each 
case, but some general discussion seems warranted. 
We may consider these changes in the order in which 
they have been met with during the operation. 

I. ^ca/p.— Exposure of the scalp by close shaving 
very frequently reveals scars hitherto undiscovered. 
Such scars are rarely found to be tender, and, in fact, 
in no case has pressure upon the scar been followed 
by a fit. Some years since considerable notice was 
taken of a few cases in which the epilepsj' was clearly 
traceable to compression of nerves in the scar tissue of 
the scalp, and it was thought to be characteristic of 
these cases that pressure upon the scar would lead to 
a fit. I have tested carefully very many patients, but 
have failed to find such tender scars upon the scalp. 
Two years ago 1 saw a little girl afHicted with left- 
sided convulsions, each convulsion being preceded by 
a sharp pain in the left supra-orbital ner\'e, and pres- 
sure upon this nerve produced sensations in the entire 
left side and the feeling of anxiety identical with that 
which usually preceded the fit. But in this case the 
division of the 8U]>ra-orbital nerve, performed by Dr. 
McBumey, in the hope of removing peripheral irrita- 
tion, failed to relieve the fits. From my experience I 
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consider that true reflex epilepsy from scars in the 
Bcalp is a very rare occurrence. 

II. Periosteum. — In a number of cases when the 
Bcalp has been divided and laid back a perceptible 
thickening of the periosteum over the fractured bone 
has been noticed. In one case this was so extreme 
that the periosteum could be hkened to a piece of 
canton flannel. It is often found to he very vascular 
and more closely adherent to the skull than normal. I 
have never seen any apparent bony deposit beneath the 
periosteum as an evidence of repair of a broken skull. 

in. The Skull. In the cases operated upon frac- 
tures of all kinds have been met with. It is impossi- 
ble, as a rule, to detemiine whether the fracture in- 
volves the external taWe only or the internal table as 
well; it is only by trephining that this fact can be 
settled. It is not always safe in operating for epilepsy 
to be guided by the position of a fracture unless that 
fracture coincides quite closely witli the spot selected 
for trephining from the character of the fit. 

Thus, in one of my cases a depressed fracture lay 
over the left first frontal convolution, but the spot 
selected for trephining was over the middle of the pos- 
terior central convolution where the bone was normal 
(Fig. 12, page 3i>). When the button of bone was re- 
moved, however, a splinter of bone from the internal 
table was foimd penetrating the dura and brain. Thus 
the medical indication was proved to be the correct one 
to follow in spite of the fact tliat at the spot selected 
for trephining there was no evidence of fracture. 
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In many cases there is a fracture of both tables with 
decided depression of bone. Usually when the tre- 
phine opening is made a very distinct thickening of 
the skull is revealed and the density of bone is greater 
in and about these fractures. 

IV. The Dura. — In many cases the dura has been 
found roughened upon its external surface, more vas- 
cular than normal and more adherent to the bone than 
in a state of health. It is not uncommon to see white 
lines and bands running across the dm-a of white con- 
nective tissue, the remains of chronic inflammation. 

When the dura is divided and reflected, adhesions to 
the pia are quite commonly found. These may be in 
the form of little thread-like attachments which are 
easily broken as the dura is reflected. The}- may be 
very close and vascular adhesions which have to be 
dissected up with care. The dura itself is quite com- 
monly thickened and that to a very great degree, so 
that i have seen a dura three millimetres in thickness. 
Under these circumstances the thickening appears to 
have lieeit upon the under surface of the dura. 

Not infre(piently the dura forms a part of the ex- 
ternal wall of a cyst. 

V. The Pia. — ^When the pia is exposed in an oper- 
ation, it is almost always found to present the api)ear- 
ance of oedema and uidy alter the wound has l>een 
ojiened for a few minutes and the pressure of a sixmgG 
or finger lias been made uixm the pia does the sub- 
pial fluid disap|)ear, revealing the vascular surface of 
the brain lieneath it. It would appear that iu a state 
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of health a thin layer of fluid is normally interposed 
between the cortex of the brain and its dense cover- 
ings. 

As the r^ult of pathological changes the pia may 
be altered in its appearance. Small white dots of the 
size of the head of a pin have been seen many times, 
resembling tubercles, but not at all tubercular in 
their structure or nature. Again there may be white 
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lines or narrow bands whiter than normal pia in it.q 
tissue. Again the pia may be much thickened, very 
vascular, and so closely adherent to the cortex that any 
attempt to elevate it with a fine forceps fails. Under 
these circumstances it is very difficult to avoid hemor- 
rhage from these new vessels. But such hemorrhage 
can usually be checked by jiressure maintained for a 
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few minutes eveuly, or else by a light touch with the 
Paquelin cautery. The appearances of a localized 
patch of chronic meningitis with thickening are 
shown in Fig. 25, which was drawn by Dr. Van Gieson. 
He writes : " The pia mater is about three times thicker 
than in the normal condition, which is approximately 
indicated by the lines at y. The thickened pia mater 
is composed of fairly dense connective tissue, and aa 
more and more fibro-blasts are developed apparently 
from the groups of small round cells at x, the mem- 
brane slowly grows thicker and thicker. Hand in 
hand with this localized growth of connective tissue 
of the pia mater, there is a disappearance or oblitera- 
tion of the blood-vessels, and in Fig. 25 it is to be 
noted that there are very few lilood -vessels and there 
is no distinction between tlie two layers of the mem- 
brane. The effect of all this upon the structure of 
the subjacent cortex cannot be described in this case, 
for the material was not especially well prepared. 
One imiwrtant change in the cortex associated with 
this condition of the pia mat«r is the production of a 
wedge-shaped mass of neurogliar Iiyjierplasia. Fig. 25, 
2, which passes inwai-d from tlie outer margin of the 
cortex, and is composed of spindle-shapeti and branch- 
ing cells. The neuroglia cells of the barren layer are 
also slightly increased in numl>er." 

The pia not infrerjuently forms the inner wall of 
a cyst, and under these cin-nmstances it is usually so 
much conge9t«<l and tliickened as to l)e quite opaque. 
When the pia is closely a<lherent to the brain and is 
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very vascular, the appearance of the cortex as seen 
through it is different from that of tlie normal cortex. 
It is blue instead of being red, and capillary vessels, 
which in the normal cortex are seen to radiate 
towanl the summit of a convolution from the two 
sulci in which the chief pial vessels lie, are no longer 
visible. 

In some cases there has been found beneath the pia 
but closely connected with it a delicate mesh-work of 
new connective tissue and vessels, making a mass re- 
sembling honeycomb, usually of the thickness of a 
centimetre.' This connective-tissue formation is usu- 
ally full of fluid and collapses when the pia is incised. 
It is probably a relic of an old hemorrhage, 

VI. The Brain. — Normal cortex during life has 
evidence of a vascular supply most i)rofuse and per- 
fect. Everywhere over the cortex a fine network of 
capillaries is visible, the larger capillaries running 
toward the summit of each convolution from its sides. 
It has a firm feel and a double pulsation, the pulsation 
of the heart and the pulsation nu respiration. As the 
result of fractures or of meningitis the cortex may te 
changed in its appearance. It may have undergone 
compression and be indented. It may be stained with 
hsematin as a remainder of an old hemorrhage. It 
may be changed in color to a darker tint and perceptibly 
hardened by new connective tissue growing into it from 

' In an old wise of riRht lipmpWgia with contractures of twenty 
yean' standing tlie entire motor area of tlie left lieniisphere was re- 
placed by Biich a honeycomlt nieali of connective ticwue, 8t«onditry 
degwientioii could be traced into the spinal cord. 
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an adherent jiia. Or finally, it may be softened and 
lose its firm consistency and present a flat or depressed 
appearance very different fi-om the normal. It may 
be actually destroyetl and disintegrated by bony 
splinters projecting into it. and then it is semi-fluid in 
chai'acter or else hardened by sclerosis. 

The microscopical changes are describe<l later by 
Dr. Van Gieson. 

It is not uncommon to find cysts in the brain. 
These may have a distinct connective-tissue wall, or 
may nierely be surrounded by normal brain tissue. 
They are usually the remains of a liemorrhage or of a 
spot of softening from thrombosis nv emlxilism of a 
small vessel. The fluid in them is usually clear serum. 
If they are divided the walls unite and the fluid does 
not collect again. If they are merely emptied the 
fluid re-forms, Aa we shall see in the chapter on 
tumors, cysts are not infrequent in the midst of glio- 
mata. It is possible that some of the cases of epilepsy 
in which cysts were found were really cases of be- 
ginning glioma. For the presence of a cyst can hardly 
be thought sufBcient to cause irritation of the sur- 
rounding tissue, while a growing tumor might easily 
do so. 

The facts just stated in regard to the pathological 
conditions found in the brain at the time of ojjeration 
prove conclusively that in these cases of epilepsy there 
was an organic basis for the disease, and this fact 
makes it seem very probable that in all casps nf epi- 
leijsy commencing after injuries there is at some jmint 
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in the brain an actual pathological change. It is evi- 
dent from what has already been stated that in some, 
eases this focus of disease lies immediately beneath 
the point of injury; it is evident that in other cases it 
lies near the cortex at some distance from the point of 
injury. It is evident that when the part of the cortex 
involved is a part the function of which is known, the 
local symptoms will indicate the situation of the focus 
of disease. It is evident, finally, that in traumatic 
epilepsy when the disease is not found under the point 
of injury, and when it does not give rise to any local 
symptoms, we have no means of knowing where it is 
in the hrain, even though we are sure of its existence, 
and we have no means of treating it surgically. 

I think it may be stated, as a result of the facts 
derived from pathological studies of the conditions 
found at operations in epilepsy, that Jacksonian and 
traumatic epilejjsy are always due to a pathological 
change in the brain. 

When the pathological change is not apparent to 
the naked eye at the ojieration, and yet the approxi- 
mate situation of it can be detennined by the local 
symptoms. Horsley proposed to determine by the ap- 
plication of faradism to the cortex the exact spot irri- 
tation of which win set up a lit like the one spontane- 
ously occurring, and then cut this spot out. This has 
been frequently done, in some cases with success, in 
others with a return of the symptoms. Several cases 
are mentioned in the collection given. The chief ob- 
jection to this method — an objection which has been 
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urged by numerous oiierators — is that excision of brain 
Kortex is necessarily followed by the formation of a 
cicatrix which becomes the centre of a sclerotic patch 
in tlie brain. Such a patch or even a cicatrix may 
act as an irritant and give rise to localized epilepsy 
when arisiuff from other causes. It is not unreasoua- 
hle to fear that it may act as an exciting cause of a 
continuance or renew'al of the fits when it is proiluce<i 
by the surgeon. Later experience rather confirms this 
fear, for even in two of Ilorsley's cases the fits re- 
turned in spite of the excision of the cortex. Hence 
the excision of the focus of irritation, when such a 
focus is not apparently abnormal tissue, is iifit to t>e 
rpi'onnnendpii, since to do so is to produce a brain 
lesion comparable to that found in the cases reported. 

Tlie exact pathological changes which take place in 
the brain after wounds have been studied by Ziegler ' 
ami by Coen.' 

Ziegler descriltes them as follows; 

■• If a |«>int('d instrument is thrust into the brain at 
jiuy iMiint a hpuiorrbage tH-rurs at that point and the 
neighlK>ring tissue is dt'stroyeil in greater or less ex- 
tent, in this way tlieiv is prixlnceil a necrotic auicmic 
or hemorrhagic ftx-us, and the jiia and sub-arachnoid 
s|Kice over this is infiltrated with bbiod. At the l»or- 
der of tlie deiul and living tissue there occurs a more 
or Iiws int^Mist* inflamnuttion in the first few da.A-s, 

' Zitlllcr -Ij'lirh li rnlh.AiinI.."S]v<' TlwiL 1;W7. 'Up Aiia-WP. 
S 35S. 

■ On>n " IVhi-r .1 Ili-Uuiu^nt ^ichw-uuili-ndi^Qirhini:^ ~ "Bei- 
irAgv (Mr PhiIi Anal a Ittys "ii,, p liK. t)**i 
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which soon results in a well-marked line of demarca- 
tion between them. At the spot of inflammation, 
which extends especially along the course of the ves- 
sels which enter the brain vertically from the pia 
mater, the brain tissue liecomes softened and simul- 
taneously the cell infiltration advances toward the 
necrotic focus. This latter in the course of time be- 
comes dissolved and absorbed. It may take months, 
even years, for the products of inflammation to !«? 
finally removed. 

" Other changes meantime go on in the adjacent tis- 
sue. The ner\'ouB tissue undergoes a degeneration in 
consequence of the change of nutiitive conditions, and 
the ganglion cells and ner^-e fibres swell, liecome fatty. 
become disintegrated and destroyed. The focus of 
inflammation is thus surrounded by a zone of degen- 
eration. 

" In the first weeks the focus of inflammation consists 
of vessels, smail round cells, larger corpuscles, and 
fatty and pigment granules. The last are in large 
numbers so long as the absorption of the dead tissue 
and of the extravasated blood are in progress. The 
fatty granules are also found in the zone of degener- 
ation. After weeks and months there occurs a grad- 
ual formation of connective tissue, which evidently 
commences along the vessels which jjenetrate the in- 
flammatory focus from the pia, and this surrounds the 
necrotic tissue or takes its place. The connective 
tissue is partly radiating in character and thick, partly 
areolar and meshlike in structure, and develops out of 
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the cells of the pia and of the vessels of the pia. The 
formation of connective tissue requires a long time, 
and even months or years after it has begun it may 
lie rich in round cells." 

Authorities differ as to the possibility of reproduc- 
tion of ganglion cells of the iirain after destruction 
(see Coen, /. c). Ccen denies that it can occur and 
holds that after a wound the new tissue found is entirely 
connective tissue containing no nerve elements. He 
says : " A true regeneration of the central neirous sys- 
tem was never otserved in my exjierimental investi- 
gation ; the tissue which developed at the spot wounded, 
rej)laring the destroyed brain tissue, contained no 
newly-formed nervous elements. The ganglion cells 
are, however, able to resist the traumatic attack and 
this they do very early by indirect division of their 
nuclei. This inclination to division subsides and ceases 
when healing begins. A reprwluction of brain tissue 
fails tnt>rcni'iii tlie i-egion wliere brain was destroyed, 
and connfctivt'ti.ssue fills its place which forms a scar 
in the true sense of that word" (/.c, p. IS.'JV 

Microacopivdl Appvurnnces of fin' Bruin Tisstte 

E-iritied, in Cases III. and JJ. 

Bv Dk. Ira Van Gieson, 

FIrat Assistant in HlHtiilofty. (.'iillegf uF Pliy» [c Inns and Siiri;eoDB. 

In describing these morphological changes in the 
motor cortex which harmonize \'ery well with the 

symptoms of opilejisy. it is of especial im]X)rtance to 
preface the details of the examination with some gen- 
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eral remarks about the technical limitatioiis of invea- 
tigations in the finer pathology of the cortex, and the 
extreme difficulties of detecting and attaching aignifi- 
caiice to the very early and subtle changes in the 
cortical tlements. In such a preface the investigator 
should indicate the great caution and most refined 
technique which a study of minute cortical changes 
demands; for then the reader will appreciate that 
the observer has guarded against mistaking for lesions 
entirely artificial changes, or normal structures which, 
especially in the cortex, are by no means easy to deJinF'. 
The difficulty in the way of research in cortical 
pathology is the complexity of the brain cortex ; it is 
most highly organized, and is fai' beyond all other 
organs and tissues in the testural delicacy of its an- 
atomical elements and complexity of their arrange- 
ment. In most of the other organs the structure 
of the parenchj-ma is comparatively simple, and the 
stroma is arranged in such a way that there is a con- 
trast between the two in the sections; thus in the 
kidney or liver, for example, the changes in the stroma 
or in the parenchyma attendmg a chronic inflamma- 
tion may l>e determined very accui'ately. Th)> stroma 
is so distinct from the parenchjina and its distribution 
is so readily followed, that a very beginning of an in- 
crease in its substance may usually be easily and posi- 
tively recognized. In the same way the distinctive dis- 
tribution of the comparatively simple ]>arpnchyma cells 
permits early changes in them to be detennined with 
but little difficulty. 
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When wo come to the brain cortex, however, the 
wtntrHst lietwepn stroma and parenchyma which in 
otluT orgiuis affords most valuable topographical aid 
is hwt. and the determination of changes in either 
stroniu or pavcnchyina is correspondingly difficult. 
For ill tile liniin cortex the neuroglia and ganglion 
cfUs, corresjionding resiHH'tively U^ the stroma and 
imi*enchynm of other organs, are not only more in- 
tricately constnirtttl but iii-e diffusely arranged. The 
iii'uroglia nnd ganglion cells are mingled together in 
a most intricate way, and are surnnmded by a great 
wilderness of piin-esstw denve<l from Kith, which forms 
a \tTY large jwirt of what is conveniently called the 
Ivusement sulwtaniv of the gray matter. 

'rhns it ran K- nnderstiH»d what a difficult matter it 
is to detonnine any U^ginning increase or proliferation 
of the neuiMglia, which in onlinarily staine*! sections 
[(i-eM'Uis it,m'lf as nniltiludes of smidl rtMind nuclei 
tk-Mttered all thh>iigli the gray matter withviut any 
boundari^ or Umitalions. This pr<.ibletu of the deter- 
niinatiiii of a very wirly incr«is.> in the neuroglia 
lnHx^nn-* tlu" more WitHiug Ivcause. as a rule, thin 
tissue grows s*t slowly that the all-im[h>riant criterion 
tif the }tr\>lifeniti(>n of i-ells, namely, the {dia$e» of 
kary>»tim>sis, arv difficult to timl. 

The iiivtwtigntion .*( minute and early ohauges io 
the (liber iutriiisiv- elemwit of the ^Ttes — the gim- 
gH»»n vvU— is rvthlervtl difficult I'v the pre^i^mv i>f art*- 
fjk-ls *»r anilk'ial cliangw «.xvurnng after d«»ih. The 
strnctun? i«f the ^^anglh-^a i-vU ts i*» delicate and ium- 
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cate and the cortex is ao slowly permeable to the 
bichromate solutions that a number of jmst-mortem 
changes are liable to occur in the cell or are induced by 
the action of the hardening agents. Such artificial 
changes may simulate very closely the results of dis- 
ease, and when these artificial changes are present in 
a cortex with suspected disease of the ganglion cells 
it becomes exceedingly difficult to unrtei'stand the 
lesiona, or to determine in what degree the changes 
are due to disease and in what degree to artificial con- 
ditions. 

With the best of care we can recognize after all but 
the coarser and grosser lesion in the ganglion cell body, 
which is only a part of the cell. Changes in the great 
forest of processes of the cell, representing a volume 
of protoplasm fully as large if not larger than the cell 
body itself, are beyond our cognizance even with 
Golgi's methods, which seem to lie of little service in 
showing minute changes in the ganglion cells. The 
aid of mitosis as an index of pathological changes in 
the ganglion cells is also absent, since the latest 
studies on this subject show that the ganglion cells 
seldom if ever proliferate. 

Thus owing either to jjerplexing artefacts, or to the 
inherent complexity of the cortex, its more minute 
changes seem beyond recognition at present, and when 
' we do detect cortical disease processes it is only after 
they have gone on to some considerable extent beyond 
the initial stages and have liecome rather coarse, ex- 
tensive, or materially destructive. Since the wonder- 
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serve the ganglion cells perfectly, the damage to the 
ganglion cells, presently described, must have existed 
during life. 

Microscopic Examination of Case III. 

We may now go on with the detailed microscopical 
examination of the removed portion of the brain in 
Case III., and this comprises a description of (1) A 
rigid plate of connective tissue acting as a foreign 
body and pressing against the brain, (2) Changes in 
the pia mater. (3) Certain lesions of the cortex of 
the hrain consisting of both changes in the ganglion 
cells and in the neuroglia. 

Description of the hnvardhj Projecting Plate of 
Connective Tissue hideut ing the Surface of the Brain. 
— The removed portion was hardened in Miiller's fluid 
plus one-sixth its volume of strong alcohol for three 
weeks. The specimen was very small, measuring 
about ten by six millimetres in diameter, and its cen- 
tral portion furnished about one hundred sections 
which were cut in series and stained double with 
hffimatoxylon and eoain and by the picro-acid-fuchsin 
method. 

Sections from the centre of the specimen when re- 
constructed show that a tiny plate of very dense par- 
tially calcified connective tissue projected obliquely 
downward apparently from the dura mater against 
the surface of the brain. Here the plate is firmly 
attached to a minute localized ]iatch of tbirkeiied pia 
mater and seems directly or indirectly to liave pressed 
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on the brain, for the cortex shows an abrupt little pit 
or depression (see Fig. 20) just beneath the inwardly 
projecting plate. This cortical depression correspond- 
ing to the plate ia cone-shaped (with the apex pro- 
jecting inward) and has approximately an altitude of 
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three and thriM'-fnurtlis niilJimctrPH and a hase four 
to five millimetres in diamt'ter. 

In the individual sections from the centre of the 
specimen tlip plate of connective tissue api)ears as a 
very dense, finely lameliated. partially calcified spicu- 
lum about three-fourths of a millimetre broad and 
three-fourths of a niUlimetre long (see Fig. 2fi, .r.r). 
At its inner extremity the spiculum has a globular 



TREPHINING FOR EPILEPSY. 85 

enlargement and the lamellre tlo not run parallel as in 
the outer portion, but pass in vai'ious directions mostly 
concentrically arranged about a tiny central nodule or 
core. The outer end of the spiculum is entirely free 
in all of the sections, so that it is difficult to determine 
■what the spiculum is a part of or where it grew from. 
The inner end of the spiculum is attached in all direc- 
tions by many diverging fascicles of the thickened pia 
mater. 

As the sections approach the margin of the specimen 
at one side, the plate grows a trifle smaller, but still 
persists to the free edge, so that it seems prabable that 
not all of the plate was removed at the operation. At 
any rate it may be said that the removed portion was 
not large enough to completely surround the plate. 
From the very dense structure of this connective tis- 
sue, and fi-om the fact that the edge of the microtome 
knife was turned in cutting the sections, this plate 
must have formed a fairly rigid body. 

The Changes in the Pia Mater. — The pia mater not 
wily at the attached end of the spiculum. but for 
some little surrounding distance (say three to four 
millimetres), shows the lesions of chnmic meningitis, 
or productive or hyperplastic inflammation of the pia 
mater (Fig. •!(>, t/y). The i)ia mater in the region con- 
tains an increased amount of connective tissue, which 
consists of fibroblasts in different stages of develop- 
ment, but most of them show the more mature or final 
stages. The resultant tliickening of the pia mater, 
however, is only of a moderate degree, and has not 




gone on to the e3£tent of obliterating the two layers of 
the membrane. The inner vascular layer still presents 
its normal features, although in places (see right- 
hand jwrtion of the pia mater in Fig. 2fi) the vessels 
appear to be somewhat diminished in number. 

The meshes of the inner layer of the pia mater in 
the depressed region of the cortex are distended and 
form a network (Fig. 2(1, i-v) filled with extravasated 
re<l blood cells. This extravasation of blood as well 
aa some minute hemorrhages in the gray matter seem 
to be of artificial origin, and aie very likely referable 
to the manipulation in the removal of the specimen at 
the operation. 

The Lt'sioits of the Cortex. — -The lesions of the cor- 
tex in this case might easily escape detection without 
the most careful scrutiny and technique. There are 
hardly any gross changes in the cortex which would 
attract attention with the luw power, and it is only 
with the oil immersion lens that slight changes in the 
neuroglia cells and scattered damaged ifanglion cells 
become fully apparent. These cortical changes are 
very minute and not at all striking, and yet they are 
none the less definite and significant. 

The OanijUon Ctlls. — ^The ganglion cells are affected 
by a series of degenerative changes which iu their 
most advanced stages result in an almost complete 
dissolution of the cell, and yet this degeneration is not 
extensive enough to involve the cells .so universally aa 
to interfere with their topographical flistribution. 
Besides this, most of the damaged cells are in the 
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earlier stages of the (iegeneiation bo that they still 
retain their form and appropriate position. Thus in 
reconnoitering the sections with the lower powers the 
ganglion cells do not appear deficient in number ; they 
are properly arranged and their several layers are 
perfectly distinct. The following description applies 
to all of the ganglion cells excepting the layer of small 
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pyramids. For especial reasons this layer will \n- dealt 
with separately later on. 

It will he convenient to describe the appearances of 
the nucleus and protoplasm of the degenerated gan- 
glion cells separately. The prevailing form of nuclei 
shows a distinct peripheral zone, indicating the nuclear 
membrane ; just inside nf the nuclear membrane is a 
narrow clear zone surrounding the chromatic elements 
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of the nucleus, appearing in the form of a skein of 
finely dotted interlacing filaments which show the 
usual thickened appearances at the nodal points and 
surround unstained interstices. The nucleolus is seen 
in most of these skein-like nuclei, and both the nucle- 
oluH and the character of the skein show no variations 
relating to the different degrees of dissolution of the 
ganglion ?ells. In both the early and ultimate stages 
of the degeneration the form cf nucleus as shown in 
Figs. 27, 28, and 29 remains about the same in all of 
the cells. 

This particular form of nucleus in some of the cells 
is a trifle suggestive of oue of the initial stages of 
karyokinesis, but none of the other stages of mitosis 
are present, so that this appearance of the niicleua 
must be regarded as an indication of retrogressive 
changes. There are no indications of mitosis in any 
of the ganglion cells, and this agrees with one of the 
latest papers on the ganglion coll reproduction by 
Fiii-stner and Knoblauch {Archivfiir Psych., XXIII,, 
ur,). 

Some different appearancet^df Uii' nucleus are shown 
in Fig, 27, in the cells r, ii\ and //. The nucleus of 
the cell w has its clu'omatic elements resolved into a 
number {some twenty to twenty-five in optical section) 
of larger and smaller gloliules or discs resembling very 
much the ordinary nucleolus. In the cells*/ and r the 
chromatic substance is collected into thickened strands 
or large lump-like masses. 

The protoplasm of the cells shows a, series of changes 
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which finally result in an entire disappearance of the 
cell body — for a very complete series of intermediate 
stages can be observed between the slightly and most 
completely degenerated cells. The earlier stages of 
degeneration consist in larger and smaller solutions of 
the substance of the cell so that hollow-looking vesi- 
cles appear in the cell body. Such cells are sbo\vn in 
Fig. 27, A- and ij, Fig. 2S, x, and Fig. 29, a. The cell 
X in Fig. 27 also shows a ragged or roughened profile 
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at one margin of the cell botly. These vesicles fre- 
quently appear at the junction of one of the larger 
processes with the cell body as in Fig, 2S, .r, Fig. 29, 
a, or in the process itself some little distance from the 
cell (Fig. 211, ri). 

In a somewhat later stage, by the increase of these 
TesicleB, and by their apparent coalescence, the cell 
body becomes more reduced in volume, deformed in 
its contours, and loses its processes. Besides the vesi- 
cles, liquefied seams and communicating channels also 
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Hpi>eai* and contribute their share toward the destruc- 
tion of the cells. 

A very beautiful example of these channels or seams 
is shown in Fig. ^s, y. This is one of the very large 
ganglion cells peculiar to the deeper layers of the 
motor zone and it was situated on the extreme edge of 
the section, so that it must have been immediately 
fixed by the hardening solution, and may be regarded 




therefore as showing very nearly the wuno nmdition 
possessed during life. 

The cell c. Fig. 20, also shows a somewhat similar 
condition and illustrates how the a|tical process is 
being separated from the cell ; the protoplasm sur- 
rounds the nucleus as a deformed or deficient mass 
such as is shown in Fig. 27, w and s, and Fig. 29, 6. 

In some of the degenerated cells the protoplasm at 
the lx)unding surface becomes frayed out. or i'K)senecl 
from the cell body in little granular islands or cord- 
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like masses, while the remainder of the cell body may 
be comparatively intact. This is represented in Fig. 
27, u, and in Fig. 29, a. The cell a. Fig. 23, is again 
one of the very large cells in the deeper layers and 
was situated just at the free edge of the section so 
that it must have been fixed in a perfectly natural 
condition. 

In still others of the ganglion cells the protoplasm 
is studded with irregularly distributed shining dots. 
Id most of the cells affected in this way, and they are 
comparatively few in number, these dots seem aldn to 
and react like hyaline material, and their appearance 
is shown in Fig. 27, v, y. These hyaline dots are 
present in both the slightly and severely damaged 
cells (Fig. 29, e). 

In focussing on the surface of the cell z in Fig. -iT, 
Borae larger lump-like hyaline masses were noted. 

Thus far, to the rather restrictetl extent that we are 
able to recognize them, the Ijeginniug and most limited 
changes in the ganglion cell body have been described. 
There were larger and smaller vesicular or channel- 
like solutions of the substance of the ceil body, and a 
tendency toward disappearance or separation of the 



We may now go on with the consideration of the 
final and more grossly destructive phases of the gan- 
glion cell degeneration. Some of these cells undergo- 
ing the later stages of the degeneration are reduced 
to a mere shell or skeleton of the former cell ; the out- 
line of the cell is preserved, but the cell is hollow ; the 
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bounding surfaces are intact, and enclose the nucleus 
lying in an empty space or surrounded by a tew shreds 
or granules of the former protoplasm (see Fig. -2', k, 
and Fig. 29,/), This condition seems to result from 
the extension and coalescence of the liquefactive seams 
and vesicles already described, and it is easy to trace 
the extension of the changes in the cell y. Fig. 28, to 
the cell (/, Fig. 2». 

These skeleton cells, when followed still farther in 
their degenerative course, show gradual dissolution 
and disappearance of the bounding shell, so that ulti- 
mately nothing remains of the cell but the nucleus, 
which lies licreft of protoplasm in tlie space once occu- 
pied by the ganglion cell (Fig. 27, k; Fig. 2!t,/'). 

Another way in which the ganglion cell ultimately 
becomes reilueed to a mere nucleus is not so much by 
ii solution of the pi-otoplasm internally, as just de- 
scriU'd, bul. by a direct abstraction of portions of the 
external zones of the cell Ixxly. There is at first a 
slightly roughened surface of the ceil, at some portion 
of it" extent, with a fraying out of shi-eds and most 
ininule rr;ii;'nu'nls nf prn|n]il;isin into the pericellular 
siiace. Then tliere is ;i tendency toward a distinct 
sei]ueslralii>n of a ])orlion nf the protoplasm iFig. 29, 
/), r'\. so that the cell body grow.s smaller and smaller 
as the stdutiou of its substance procivds from without 
inward. Thus the cell U-eonies deformed and atro- 
phitil; it loses its jmx'psst's, and the ])ericellular space 
sometimes amtains minute fragments of the loosened 
piMtoplasm (,Fig. 2'.'. v\. rilimately the cell l>efomea 
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reduced to a naked nucleus lying in the i)ericellular 
space, as just described (Fig. 27, k; Fig. 29, /). 

Very often this wasting away of the cell body from 
without inward is also combined with the liquefactive 
vesicles and channels or other fonns of degeneration 
in the interior of the cell body (Fig. 20, a). 

The ultimate fate of these nuclei bereft of the gan- 
glion cell body cannot be determined iKJsitively, but 
some of them become destroyed. The nuclear mem- 
brane and chromatin jskin become disintegrated and 
finally nothing is left but some fragments of the 
chromatin elements, surrounded by a complete or in- 
complete ring, which still take up the color of the 
nuclear dyes. 

The description of the changes in the ganglion cells 
refers to the deejwr layer of rells, and es])eciany to the 
Tery large ganglion cells of the fourth layer, charac- 
teristic of the motor zone. The very large .size of the 
cells renders the detection of the degenerative changes 
much more positive than in the other small cells. To 
be more certain of the ante-mortem origin of these 
lesions in the cells as many as possible were selected 
for study in glycerin mounts at the extreme edge of 
the specimen where they must have been immediately 
fixed in a natural condition. The spaces almut these 
cells are small, and altogether the element of artificial 
changes may be more thoroughly excluded from them 
than in the mucli smaller cells. 

One of the most striking features of this degenera- 
tion of the ganglion cells is the extfisive involvement 
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of these very large cells of the fourth layer. It may 
be that this feature is so evident, fi-ora the fact that 
the degenerative changes are so miicli easier to recog- , 
nize in these cells, but it would ap{>ear as if they were 
esiwcially selected by the degeneration. At any rate 
very few of the large cells are left intact, they show 
quite universally one phase or another of the degen- 
erative changes. In cutting out the fragment at the 
operation, the knife seems to have sliced it oflf just at 
or below this layer of cells, so that very many of them 
lie right at the edge of the sections. Many oi the 
smaller cells of the third and fourth layers, however, 
show precisely similar degenei'ative changes. There 
are many nnrniai ganglion cells iu deeper layers, and 
the degenei'iitiou affects apparently, excepting the 
very large cells, only isolated or small groups of oella 
lierc ;viid there, and yet the aggregate number of the 
damaged cells must lie very hirge. 

Still anotlicr feature abmit the ganglion cells re- 
iMiiiTis til be ilesciilii-(l. This ennsists in the accumu- 
latii'M lit' rhisier-;* nl' ti'oin duc to I'lur or five small 
round I'i'lis crowded together in the ]»pricellular spaces 
of iMith tlic diseasecl and normal n'lls. These cells 
have a very thin i-nveliipe nf in-utoplasm and they are 
generally situated at tlie base „i the cell. These cells 
are nut iiii're([nently I'mind in brains with normal 
ganglion cells, and which liave given no symptoms, 
and in the present case 1 am unable to interpret their 
meaning or deteriniiie what kind of cells they .ire. 

We may now deserilie the layer of small pyramids 
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which has heen held apart from the deeper layers, 
because the element of artificial changes cannot be as 
positively excluded. The small pyramids are quite 
universally altered, and but a very small number of 
natural cells are found in the sections. The nucleus 
surrounded by little if any protoplasm lies in a rather 
large empty jiericeliular space, as shown in the right- 
hand portion of Fig. 31. But just such a picture of 
the small pyramids as this is generally found in any 
cortex unless prepared by es)>ecial methods, and is 
generally to be regarded as largely of an artificial 
character. The small pyramids are especially prone 
to artificial changes, apparently from tlieir very small 
size which seems to render them correspondingly liable 
to shrinkage. Artificial changes in this case, how- 
ever, must be considered reduced to a minimum, and 
these alterations in the small pyramids in this case 
are not present in sections of the motor cortex of an 
electrically executed criminal, prepared in the same 
way and studied along with this case as normal con- 
trol sections. So that while there may be reason in 
this instance for regarding tbese changes in the small 
pyramids as the results of actual disease, there is still 
doubt about it. and I prefer to disregard or exclude the 
small pyramids entirely from the larger, deeper cells 
where the lesions are definite, jiositive, and significant. 
The Pericellnfar Spiice.s. — There is very little to say 
about the lymph spaces of the ganglion cells. They 
show no striking changes and are not enlarged. The 
space about the dee^ier cells fits fairly closely, and the 




relations of the cells and spaces is especially well pre- 
served. The spaces of many of the degenerated cells 
appear very large, but this effect is produced by the 
atrophy of the enclosed cell. 

The Basement Substance of the cortex, consisting, 
as it does, largely of the processes of the ganglion cells, 
must contain changes corresponding to the degene- 
rated and destroyed ganglion cells, but such a lesion 
is entirely too subtle to lie recognized at present even 
with Grolgi's methods. Some of the larger isolated 
processes in the basement substance show with the 
very highest jxiwers an irregularity of outline of the 
process. These processes show minute nickings or a 
jagged outline of the edges. In one such procBss a 
clear vesicle was found like those desci-ibed in the 
bodies of the degenerating ganglion cells (Fig. 29, a). 

As regards the distribution of tliese yan(/{ion cell 
changes, they are not especially concentrated about 
the region of the foreign body, but are scattered all 
through the sections, even to the lateral boundaries. 

There is no positive support for making statements 
about the (lumfioii of t/ie ganijlioii cells deijeneration, 
but the impression is conveyed that the process is an 
exceedingly slow and gradual one. The cells do not 
sh<jw the swollen and other appearances of rapid de- 
generation such as are seen in the aciite processes of 
the spinal cord. It seems probable that these dam- 
aged cortical cells may pei-siat for a long time in the 
earliest stages of degeneration before advancing to 
the later or iiual stages. 
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The Changes in the Neuroglia. — There is a limited 
and very early stage of hyperplasia of the neuroglia 
tissue. This statement, however, can be better relied 
upon if the excessive difiQculties attending the de- 
tection of this stage of a slowly growing neuroglia 
hyperplasia are indicated. The neuroglia cells appear- 
ing in ordinarily stained sections as small round cells 
are very profusely scattered throughout all of the corti- 
cal layers except in the barren layers, and their true 
form is only apparent by Golgi's methods. Then 
again, these cells are irregularly distributed, and var>' 
somewhat in different cortical regions. In some lay- 
ers they are very thickly aggregated together, and in 
other layers more sjmrsely arranged. Thus in this 
diffusely arranged tissue, without contrast to the 
surrounding tissues, in determining a slight increase 
of newly formed neuroglia cells which look exactly like 
their surrounding progenitors we often have an insol- 
uble problem. Wiien the young neuroglia cells have 
l>ecome more mature, and possess a larger cell body 
with beginning branches, a new difficulty arises in 
their identification, for fre<]ueutly they cannot be dis- 
tinguished from the .'lun'ouiuling ganglion cells of the 
same size. Ho the earlier diffuse increase of neuroglia 
is unfortunately liable to escape recognition until the 
process has become fairly extensively developed. 

Notwithstanding these difficulties there are a few 
places in the sections which show quite distinctly 
clusters of an increased numl>er of a very young and 
seemingly proliferatf'f] neuroglia cells. These are most 
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distinctly seen in the laj'er of grnall pyiainids. In a 
few places in the layer there are groxii»s of small round 
(«ll8, which, although they are not sharply circum- 
scribed, are still so closely aggregated that they stand 
out more clearly than the remainder of the rather 
spai-sely distributed neuroglia cells of this layer (see 
Fig. 3U), The contrast of the barren layer is also an 
aid in distinguishing these cell groups. These cells 
are often arranged in groups of twos or ill-defined 
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strings of four to six in number. In two cells only 
were ixjsitive evidences of mitosis discovered, and these 
are shown in Fig. Hn. n. jnid more liiglily magnified in 
Fig, ;lL\ ft. 

Tn the deeper layers there ai-e some similar groups 
of increased neuroglia cells, hut they are much leas 
clearly defined. Thus the production of neuroglia in 
the deeper Liyers is hidden from view, because the 
normal neuroglia cells are so thickly aggregated that 
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the newly formed cells cannot be distinguished from 
them. In one single instance in all of the sections, a 
cluster of neuroglia cells on the edge of the specimen, 
in the deeper layers, was quite circumscrihed from the 
surrounding cells and grouped differently and seemed 
to be a cluster of proliferated youug neuroglia cells. 
These young neuroglia cells at first seem to be indif- 
ferent cells. They have a thin, spherical envelope of 

Flo. 11 A Qroop of mnre Halurv \ e u l^^rr of 'tmall 

protoplasm, which at tirst ap[)eiirs to have no pro- 
cesses. 

At a later stage of development the protoplasm in- 
creases in volume and they lengthen out into spindle 
or oval-shajjed masses and send out branching pro- 
cesses. Groups of these more mature neuroglia cells 
were also found in the sections, and they could he 
identified most clearly in the layer of small pyriunids, 
because here there was no danger of mistaking them 
fur small ganglion cells, for the small pyramids were 
80 universally and thon™ghly ehninken (see Fig. 31). 
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If there are other groups of these more mature neu- 
roglia cells in the deeper layers, they camiot be dis- 
tinguished plainly because of their close resemblance 
to the email or ix)lymorphous ganglion cells. 

Fig. 3(1 at o shows this ilifficulty of distingiiish- 
ing newly forme<l neuroglia cells from ganglion cells. 
These two sets of cells seem to be neuroglia cells ; they 
have large, glassy cell bodies, and suggest a phase of 
cell division. Both of these two groups of neuroglia 
cells were found among the larger ganglion cells of 
the fourth layer, and are significant in evidencing an 
overgi-owtli of neuroglia in this important layer of 
the motor zone. Finally, in a single instance, a very 
Ifirgo mature branching neuroglia cell was found in 




'rom different Laypra of the Corlex. ^, Two 

" III KlB. W ninri- liiirlilv ninKDltied, whteh show Kujd- 
w i; A liu-K.' KiilOcr cell Ij-infi aloiitfBldi; i>f Iha nucleus or > com- 
iiTitiinl jfntiKlluii cell. 



I III' rl'-npiT layerH, as shown at Fig. 32, c. Lying 
iiloiiKMidii iif thirt large spider cell is the remains of the 
iiinlciiH of n degenerated ganglion which may, per- 
liiijiH, convey a KUggeation as to the destiny of thepre- 
viuiiHly ilt'Hcribcd Knialt round cells crowding the spaces 
nf llic ganglion cell, but there is no real evidence to 
connt'ct tliRHo two nets of cells together. 
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There is then an increase of neuroglia in these sec- 
tions, and it is of a very early and limited stage of 
development, and yet the impression is conveyed that 
only a portion of this growth is apparent in certain 
favorable situations, as in the narrow layer of the 
small pyramids. Still there are several indications of 
neurogliar growth in the deeper layers, as for exam- 
ple in Fig. 33, inviting the beUef that the process is 
not limited to the region where it may be recognized 
most easily, but is a diffuse growth and involves the 
layers beneath the small pjTamids, but possibly to a 
less extent. 

The neurogliar hyperplasia is irregularly diatrib- 
tited throughout all of the sections, even at a distance 
from the foreign body, and often occurs in snots or 
patches. Most of the sections of the depressea re^on 
of the cortex show a slight concentration ot the neu- 
rogliar growth as young, small, round cells or more 
mature spindle-shaped cells scattered about among the 
lesser pyramids. 

This growth of the neuroglia, like the degeneration 
of the ganglion cells, seems to take place exceedingly 
slowly. 

The blood-vessels of the cortex are normal in struc- 
ture, but in places they are not properly arranged. In 
places anastomosing networks of capillaries jienetrate 
the cortex from the pia mater and, accompanied by 
and surrounded by more or less neurogliar increase, 
appear as wedge-shaped areas in the section. This is 
shown schematically at Z, Fig. 2*!. 
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Microscopical Examination of Case II. 

In this case there is a development of rather a large 
mass of connective tissue which has altered very 
materially the structure and topography of the con- 
volutions which it has grown into. In this way the 
gray matter at the seat of the operation has been 
irregularly replaceil by connective tissue, and has been 
rather largely converted into neurogliar tissue. 

The removed jmrtion was a flattened disc aud meas- 
ured alxmt two cm. in diameter and was from five to 
sevi'H mm. thick; it was hardened in strong alcohol 
and the celloidin set^tions were stained in the same 
way a^ in the preceding case. 

The si»ecimen consists of twn layers, an outer layer 
<if connective tissue and Iwneath it a layer of damaged 
c<jrtex. At one side of the si)ecimen a new layer 
makes its apijearant-e. fitjui the fact that a bit of the 
scalp is .■idlu-rent t') lln' sprciini'ii and has been re- 
muvcil with it. Tlirou^liniit lln' rciiiaiiiiiig e.xtent of 
the s|)ecimeu the scalp is jiliseiit and the connective- 
tissue mass referred to is the outermost layer. Sec- 
tions from the region of the sjx'cimen where the scalp 
is attaciied show the apix-arauces in Fig, 3:1 The 
scalp ((() with its chLstera of fat cells ami olilinuely cut 
hair follicles covers and jwii'tly surroiuids a bit of 
damage{l cortex (c). The scalp shows atropine changes 
of a moderate degree and the attachment to the hrain 
is rather a loose one. The brain, in this particular 
part of the specimen at any rate, simply lies against 
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the scalp rather than being attached to it, and there 
are no blood -vessels pasaing from the one to the other. 
A tongue-like projection of rather dense connective 
tissue (Fig. 'A^.^, b) passes inward from the scalp at 
one place — just at the edge of the specimen — and 
tends to partially surround the degenerated fragment 
of the cortex. This tongiie-like mass hlends with, or 
is perhaps a portion of, the extensive lamina of couneu- 
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tive tissue forming the upper layer throughout the 
rest of the s])ecimen (see Fig. 34). 

The bit of cortex lying underneath the scalp is very 
extensively changed. The ganghon cells are severely 
degenerated, many of them are reduced to mere hollow 
shells or skeletons surrounding the nuclei, and many 
others must have disappeared entirely. There is also 
a very perceptible increase in the size and number 
of the neuroglia cells. Both of these changes have 
reached such advanced stages that there is no diflSculty 
attending their positive recognition. 
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Sections through the centre of the specimen show in 
a general way masses of dense connective tissue which 
encroach upon and cause material changes in the con- 
volutions, as depicted in Fig. 34. Such a section from 
the centre of the specimen *ihows three convolutions, 
A, B, ami C. two of which are involved by the con- 
nective-tissue growth, while a third. A, has escaped 
this encroachment. 

The convolution A, although uninvolved by the 
coimective-tissue growth smd retaining its proper form 
and volume, is yet considerably chaugetl. The gan- 
glion cells are fairly extensively affected by various 
phases of a series of degenerative changes. Very 
many of the cells show the earlier and less well- 
pronounced stages of the degeneration, while a lesser 
number show the mon.' extensive changes in the cell 
iKKly tending toward <H>nii)lete disintegration of the 
(■I'll as descriU'd in the previous case. Altogether 
the degeui'ijitinn of the ganglion cells in this convolu- 
tion is so wt'll marked as to do away with the diflScnl- 
tii's Jittending the it •cognition of the very early stages 
of the sanu' priness. 

The ueiu-oglia of the j;r:iy uiatltr does ni>t seem to 
1k' increased to any apjireciable extent, hut the white 
matter {.r) is iiuite exteusively involveil by a growth 
of spindle-shiijK'd and branching neuroglia cells. At 
the apex of thi_^ convolution this neuroglial' increase 
extends a little distanct' into or seems to follow the 
passage ot the nerve fibi-es into the gray matter. 
In the convolution B the dense growth of connec- 
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In such a section four tolerably distinct layers may 
be recognized. Proceeding from without inward 
toward the brain, there is at first the very thick ex- 
tensive layer of dense coimective which has already 
been topographically studied in the preoe«ling para- 
graph. The first layer is apparent in Fig. 3d at a. 
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It is composed of ordinary connective tissue, rather 
densely arranged, with its fibre bundles interlacing 
and nmning in various directions, and contains very 
few blood-vessels. The second and next layer is a 
vascular zone and lies immetliately beneath the pre- 
ceding layer. It is comi>osed of a congeries of thin- 
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walled vessels, which give the impression that many 
of them are newly formed. This second layer is shown 
in Fig. So at bbb and <■, Still proceeding inward, the 
third layer, drfrf, is the one which consists of the clus- 
tered or discrete islands and plugs of neurogliar tissue. 
Finally, the fourth and last layer is the compact sub- 
stance of the brain, ee. which has its neuroglia much 
increased and its ganglion cells quite thoroughly re- 
placed or degenerated. In fact, this fourth layer rep- 
resent brain ei.>rtex largely converted into neurogliar 
tissue. 

Now the third layer of the insular masses seems in 
great part, if not entirely. t<i owe its origin to the 
agency of the newly formed A'essels of the second or 
vascular layer. These thin-walled vessels appear to 
pass into the ix)nii>act brain substance, and by anas- 
tomosing with each other and by sending off secondary 
offshoots surround little island-like masses of the 
brain, which has already been largely converted into 
neurogliar ti.'rsue. In Fig. S.'i. at/, the early stages of 
such a proH?ess can l>e oViscrveti. Here are delicately 
walled small vessels or capillaries growing into the 
brain, and by tile course they pursue and by their ten- 
dency to unite with each other they exclude httle 
i^Iaikl-like masses of the cortex. 

Thus the l.-iyer of insular neurogliar masses seems 
to be formed from the coniiwici brain by a jieouliar 
segregating action of newly formed blood-vessels. It 
is further to be noted that following quite universally 
the layer of insular neurogliar masses, there i^alwf^-^ 
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this vascular zone, intimately associated with them, 
and it lies between the dense masses of connective 
tissue and the islands. So the capillaries seem to de- 
termine the separation of neurogliar masses from the 
changed solid cortex and muidd them into tiny islands 
or short cylinders tFig. 3tjj. In Fig. 3G (taken from 




FiQ. 38.-The il.-liiIioo of the Capillr 
fv U a iMlUpHEd i^pUloT]-: xjc imllcnb 
lllarr. whith la deBtlned 

the region C, in Fig. 35) a still more detailed exposi- 
tion of this relation of the vessels to the neurogliar 
islands is presented. Here the capillaries, one of them 
collapsed at yy, are seen surrounding the plugs and 
islands. But at x.t; is shown a stage of subdivision of 
one of these islands by a solid protoplasmic offshoot 
of a capillary destined to become hollowed out into a 
new blood-vessel. Care was taken not to confound 
this solid protoplasmic process with a r"Ila]iwed cajiil- 
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lary, and it can be observed how it would divide the 
mass in two nearly equal ]iai'ts by uniting with the 
opixjsite capillary. 

Some of these masses of neuroglia pei-sist aa isolated 
little islands even in the midst of dense connective 
tissue, as shown in Fig. '67. In such instances, con- 
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nective-tissue fasciculi have apparently followed the 
course of the capillaries and have grown alwut the 
neurogliar islands. Fig, :i"al80 shows very faithfully 
the minute strticture of tll€^8e islands. They consist of 
rather large, glassy neuroglia cells completely envel- 
oped hy their own tangled and matted process. In 
the mass indicated at a the filamentous processes are 
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cut vertically, and at b two tongue-like processes of 
neuroglia pass beneath connective-tissue fascicles and 
fill up two inter-fibrillary spaces. The vessel, c, has a 
thickened or hyaline wall. 

Finally, it is to be noted that the cortex for some 
" little distance surrounding the connective-tissue growth 
is considerably damaged by a degeneration of the 
ganglion cells and an overgrowth of neun>glia. 

Remarks. — It is exceedingly difficult to follow out 
the connected history of this process without having 
the opportunity to study the whole of the involved 
territorj- of the brain. The rather limited material 
examined in the removed specimen fails to show the 
lateral Itorder zones of the process or the relations of 
the brain membranes, and in general the whole topo- 
graphical distribution of the lesion. Thus there is 
no distinct clew to the origin of the process or to the 
formation of the cyst discovered at the operation. 
Still it may be said that this dense mass of connective 
tissue seems to have grown down rather slowly, ap- 
parently from the membranes of the brain, and by 
disintegrating portions of the brain beneath has con- 
tributed to the formation of the cyst, for there is in 
places distinct evidence of disintegration of the cortex 

I beneath the overgrowth of connective tissue. The 
peculiar segregation of the little islands of the neu- 

I rogliar cortex is seen in meningoceles of very young 

I children, hut whether any congenital deflection is 
'behind the process in this case is a question which 

I may be merely presented, but not commented ufHjn. 
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Results of Trephining in Epilepsy. 

When the result in these cases is reviewed, it 
evident that in the majority there has been a failul 
to permanently cure epilepsy by operative interferem 
"When we raise the question why the operation has 
failed, the obvious reply ia offered that the original 
condition which gave rise to the fits has not been 
moved. This is evident from a study of the patholi 
ical changes already enumerated. It ia, of course, 
quite possible to elevate depressed bone, to remove 
cyst, or to take away any masu of connective tissue or 
tumor which compresses the brain. But on the other 
hand it is useless to break up adhesions between dura 
and pia or between pia and brain, because they will 
inevitably re-form immediately after the operation. 
Nor is it possible to accomplish anything when the pia 
and cortex are together affected by such connective- 
tissue changes as have been described. Pine trabe- 
cuIeb of connective tissue entering the cortex from the 
pia and forming a dense scar tissue in and about the 
motor cells give rise to an irritation which can only 
be removed by the excision of the mass. But excision 
of such a mass together with the brain, or excision of 
a softened mass of brain, is inevitably followed by a 
formation of a connective-tissue cicatrix which in turn 
will act as an irritant. 

Thus the pathological conditions met with in these 
oases are frequently such as to make any possibility of 
a relief by an operation out of the question. 
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cut vertically, and at b two tongue-like processes of 
neuroglia pass beneath connective-tissue fascicles and 
fill up two inter-fibrillary spaces. The vessel, c, has a 
thickened or hyaline wall. 

Finally, it is to be noted that the cortex for some 
little distance surrounding the connective-tissue growth 
is considerably damaged by a degeneratiim of the 
ganglion cells and an overgrowth of neuroglia. 

Remarks. — It is exceedingly difficult to follow out 
the connected history of this process without having 
the opportunity to study the whole of the involved 
territory of the brain. The rather limited material 
examined in the removed specimen fails to show the 
lateral border zones of the process or the relations of 
the brain membranes, and in general the whole topo- 
graphical distribution of the lesion. Thus there is 
DO distinct clew to the origin of the process or to the 
formation of the cyst discovered at the operation. 
Still it may be said that this dense mass of connective 
tissue seems to have grown down rather slowly, ap- 
parently from the membranes of the brain, and by 
disintegrating portions of the brain beneath has con- 
tributed to the formation of the cyst, for there is in 
places distinct evidence of disintegration of the cortex 
beneath the overgrowth of connective tissue. The 
peculiar segregation of the little islands of the neu- 
rogliar cortex is seen in meningoceles of very young 
children, but whether any congenital deflection is 
behind the process iu this case is a question which 
may be merely presented, but not conimentefl ui)on. 
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The medical treatment i-f imbecility occurring in 
childh'Xttl is so Impeless that the recent proposal to 
inv<ike the aid of surgery iu these cases has excited 
much interest. The public, as well as the medical 
profession, is anxious to learn how far success may be 
li»oke<] for from craniotomy, and to obtain facts upon 
which to decide the question of ojierative treatment. 
To nfuroloj^i-sts the subject is of immediate impor- 
tance, for they must be resi>i >nsibli' for advising or op- 
jjosinn this method of treatment. 

Craniot'imy, or the operatiou of producing an open- 
iii}< in the skull of some extent, with the object of 
relii-vins pressure on the brain, or in some imknown 
manner of stimulating its development, has been pro- 
posed and performed in a numix'r of cases. 

rihiirnl Tnjws of DipTcut Kinds. 
Tliese caseB present certain clinical features, and 
may easily be divided into three general groups: Firat, 
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cases of hemiplegia with or without athetosis. Sec- 
ondly, cases of mental defects of various grades. 
Thirdly, cases of sensory defect of different types. 
Epileptiform seizures of petit mal or of grand mal 
type occur frequently in patients who may l)e assigned 
to any one of these groups, and may be the jjarticular 
symptom in regard to which advice is sought. The 
subject, therefore, includes the question of trephining 
in organic epileptiy in childhood. 

I. Infantile cerebral hemiplegia has been studied so 
carefully of late, and so much has been written upon 
it, that no elaborate description of the first class of 
cases is needed. The symptoms are the sudden devel- 
opment of a unilateral paralysis after a series of con- 
vulsions attended by high fever and its attendant dis- 
comforts, and a period of unconsciousness of varying 
duration ; then a gi-adual improvement in the paraly- 
sis after the active manifestations of the onset have 
subsided ; and, finally, a stationary condition, in which 
the face is hut slightly affected in its voluntary or 
automatic movements ; the speech is usuallv regained 
if it had Iieen lost; the ami is quite seriously para- 
lyzed, the fingers being stiff and awkward, and some- 
times Iwing in constant slow involuntary motion 
(athetosis); the leg ia held rather rigid, so that the 
child limps in walking and sometimes has a club- 
foot. There are. of course, on the one hand light 
cases in which the symptoms finally amount merely 
to clumsiness in the fingers. There are, on the other 
hand, severe cases in which a double hemiplegia has 
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occurred, both halves of the body being equallv 
affected, and in which both anus are useless and both 
legs so stiff, so closely adducted, and so helpless that 
walking is irajxissible. These latter are cases in which 
all the symptoms date from birth, the birth palsies of 
Ciowers. In all cases the paralyzed limbs are found 
to be affected in their growth and development, so 
that they are smaller, colder, stiffer, and weaker than 
the others ; the reflexes are exaggerated, but the elec- 
trical reactions are not qualitatively changed and the 
sensation is normal. This condition remains through 
life as a permanent defect, and although the division 
of contractured muscles or tendons and the applica- 
tion of ingenious apparatus may correct deformities 
and make the paralyzed parts fairly useful, and al- 
though the application of electricity to the muscles 
chiefly affected may increase their nutrition and thus 
Iirevcut contractures which come fnim the unbalanced 
strain bctwiTii the various muscles, yet any great 
degree <]f iiii]ii'ovi'nient is impossible. In more thau 
one-haU' of tliesi- cases rpilcptic attacks are of frequent 
occurrence. 

These cases are so connnon that it seems needless to 
cite illustrative examples. In the well-known mono- 
graphs (if Osier and of Sachs on the "Cerebral Palsies 
of Children," the most complete description of the 
varieties of the affection is to be found. In the his- 
tory of one of my cases, operated upon by Dr. 
McBuruey — which is given later in this chapter — 
the ordinary course of the symptoms may be studied. 
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The chief clinical facts of importance in such cases 
are the time and character of the onset, the degree of 
spontaneous recovery, and the question whether the 
epilepsy ia of so severe a type as to be dangerous. 

The cases "which date from birth must be divided 
into those in which there has been evidence of trau- 
matism during labor, and those in which there waa 
nothing about the deHvery sufficiently unusual to 
awaken the suspicion of trauma. In the former class 
it may be stated confidently that cerebral hemorrhage, 
usually meningeal, is the cause of the symptoms. In 
the latter class it is probable that an intra -uterine en- 
cephahtis, or some unknown cause, has prevented the 
fcBtal brain from developing. I know of no positive 
means of differentiating these two sets of cases. The 
cases which have developed suddenly after birth are 
cases in which the ordinary causes of hemiplegia in 
adults have been acting, and, as Ashby has shown, 
must be traced either to encephalitis, hemorrhage, or 
embolism, or disease of the vessels. The degree of 
spontaneous recovery in any case can be pretty well 
determined by an examination at the end of the 
second year. It is evident that a complete cure never 
occurs. 

The fits in organic epilepsy are more likely to be 
frequent and severe than in idioimthic epilepsy. I 
have one patient who has had as many as twenty con- 
vulsions daily for weeks at a time. These fits do not 
destroy life, but of coui-se render life a burden, and 
almost any means for their relief is justifiable. When, 
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however, they are infrequent they may be benefited to 
some degree by the use of bromides. 

II. The second class of cases presents mental de- 
fects rather thau physical symptoms. The child may 
be slow in learning to talk, may seem unable to fix its 
attention upon anything continuously, may be exceed- 
ingly active, in constant motion — the activity being, 
however, aimless; may throw things about, or tear 
things up, or put everything into its mouth; may be 
very diflicuit to manage because of its inability to re- 
tain and combine impi-essions with auEScient power to 
reason upon them ; and may, therefore, be incapable of 
appreciating the meaning of punishment, if this be 
inflicted. Such children may have good powers of 
perception, may recognize persons and objects, show 
pleasure at bright colors, or music, or caresses, but 
fail to show evidence of thought in the sense of rea- 
soning jxiwer, judgment, or self-control. Some pa- 
tients constantly drool at the mouth, cannot be taught 
cleanly habits, and are manifestly imbecile. Other 
patients are quite bright in many directions, may even 
be preco<^ious, show talents in niiisic, or drawing, or 
fondness for mathematics, designing, languages; yet 
are apparently imable to appreciate moral ideas, can- 
not be taught to tell the truth, ai-e cruel and bad, will 
not control any of their impulses, and so are the dis- 
tress and despair of parents and teachers. It is those 
mental qualities which are the product of the highest 
evolution which have failed U) develop in this class of 
cases. The final result is that they have to be taken 
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care of all their lives, either at home or by attendants, 
being incapable of supporting themselves or directing 
their conduct. Many of them have epilepsy. One or 
two examples may be cited. 

G. M., now 21 years of age, has the appearance and 
manner of a boy of fourteen. Hia head is wmall and 
narrow; forehead retreating; face small and expression 
stupid. He has always been a feeble-minded boy, never 
able to study long or to learn anything difficult, so that 
he is about on the level of a boy of ten in his education ; 
and now, as he is becoming to some extent sensible of his 
defects, he is very moody, (juiet, and retiring. He has 
always been hard to manage and prone to outbursts of 
temper, and in the past five years this irritability is in- 
creasing. He has also peculiar attacks. In an attack he 
is very restless, wanders about in an aimless way, hides 
or destroys anything he can lay his hands upon, and be- 
comes much excited, angry, and even abusive and violent 
if opposed. Such attacks last for three or four hours, 
during which it is necessary to watch him. After the 
attack is over he has no recollection of what has occurred 
or of what he has done. He has many sympttims of neu- 
rasthenia, probably due in part to self-abuse. He has no 
paralysis or defect of sensory {wwer. He is able to read, 
write, play on the violin, and sketch, hut cannot be em- 
ployed upon anything for any length of time, and there- 
fore is a burden to his family. 

I have three cases now under observation of children 
aged between three and five, who are apparently 
bright and capable of hearing and seeing properly, 
but who show no evidence of any de.sire or ability to 
learn to talk. They make crowing sounds of no special 
meaning, but any distinct articulation is never made, 
and attempts to teach them seem unavailing. All 
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three are restless, active children, easily attracted by 
interesting things, but incapable of fixing the atten- 
tion long on anything. They are usually in constant 
motion, running about, working with the hands, and 
cannot be quieted long. Tliey appear to understand 
perfectly what is said to them, will do various things 
at command, notice music and noises, yet are as mute 
as though perfectly deaf. They present a fair degree 
of intelligence, though two of them are still unable to 
be taught to make any sign of desu-e to urinate, and 
hence are dirty. Yet to watch these children at play 
at home, one would not suspect any mental weakness, 
and were it not for the speechlessness the parents 
would not have suspected any defect. None have 
epilepsy as yet. 

III. The third class of cases is less common than 
the two preceding, and ia likely to escape observation 
unle.ss carefully investigated. The patients belonging 
to this class present no motor or mental defects, 
though tliey may be the subjects of epilepsy. They 
do have defects of sensory j)erceptJon. It is probable 
that many cases of deaf -mutism belong to this class. 
Rheinhanlt has described a case in whicli jierraanent 
deafness was due to manifest defects in the temporal 
convolutions of both sides. Dr. Donaldson has noticed 
a marked deficiency of develoimient in the temporal 
and occipital convolutions of Laura Bridgman, who 
was Imth deaf and blind. The following case presents 
so many interesting features that I give the history 
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The girl, wLo la now fourteen years of age, has suffered 
all her life from frequent attacks of petit mal and occasional 
attacks of grand mal, usually preceded by an epigastric 
aura, never by a visual aura, and her convulsions are gen- 
eral, never unilateral, in character. She has had from 
two to six attacks of petit mal daily, and grand mal at- 
tacks once a week, though at present, after three years of 
treatment by bromides, she has but three or four attacks of 
petit mal every week, and has had no grand mal attacks 
for two years. Her case, therefore, presents the features 
of an ordinary epilepsy. 

But upon investigation it was found that she had a 
slight divergent scjuint and a left bilateral homonjinous 
hemianopsia, the visual fields in the eyes being much di- 
minished, not exactly sjTnmetrically, and the field of vis- 
ion extending ten degrees beyond the fixation point in both 
eyes, while its periphery was slightly contracted even in 
the clear field. This condition had never been discovered 
until the child was eleven years of age, although from her 
infancy her mother had notice<l that she habitually held 
her head toward the left side and looked at objects with 
her head turned somewhat Ui the left, as she does now. 
Ad examination by Dr. Webster for the purpose of cor- 
recting the squint led to the discovery of the partial 
blindness. The child is quite sure that she has always 
seen as she does now, that she has never lieen able to see 
objects approaching her from the left side. This she sup- 
posed to be natural. This fact is of some interest, as it 
confirms what has been stated before, that hemianopsia 
may remain undetected for years, or if noticed by a patient 
is supposed to be a blindness in the eye whose visual field 
is chiefly contracted. 

When a cause for this sj-mptom was sought, it was 
ascertained from the mother that the child had been deliv- 
ered with much difficulty, that the labor was prolonged, 
that the head was greatly misshapen at l)irth, and had a 
large caput succedaneum over the posterior jtart. When 
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the child's head was inspect«d, it wiis found that over the 
right occipitiJ region there was a very perceptible flatten- 
ing of the skull, so that the vertical parting of her hair 
was uniformly deflected to the right. The difference be- 
tween the two sides was easily noticeable on looking down 
upon the head from above, or by the aid of touch. It 
seems reasonable to suppose that this little girl has a de- 
fective development of the right occipital lobe of the brain 
and that this involves the cortex and also the siibcortical 
tract, since "Wilbrand has shown with much reason that 
a purely cortical lesion produces symmetrical defects in 
the visual field, while subcortical lesions produce asym- 
metrical defects. The pupils respond to light thrown upon 
the blind field of the retina, hence the lesion is not in tlie 
optic tract. There has never been any hemiansestUesia 
or hemiplegia, hence the lesion is not in the thalamus or 
near the internal capsule. 

Peterson and Fisher have shown that cerebral atrophy 
in infants in the motor area is followetl by an asymmetri- 
cal development of the skull, the depression in the skull 
lying over the atrophic part of the brain. Here there is 
present such a depression, or rather lack of convexity 
over the occipital lobe to whose deficient development the 
symptom of blindness jxiints. 

When, thmf„re, this patient prwemed herself for treat- 
ment for epilepsy. ,t bt^ame evident that she belonged to 
the cla«> of „«e» m which the epilepsy was due to the 
organic disease or defect in the brain 

It is interesting to note that i L ■ ■ 

, ,... , , ,.""' fi certain improvement m 

her condition — a markeil dimintu-; ■ , , 

1 1 1 11 .""""tion in the number of fits 

— has occurreil under the influen™ * i, i i ^ ^x,- 

h„. also been n„tice<l in case, of e"^, °' ^'"TV < 
of infantile oricin. '^'"'"W '"■"' l»'»>Pl««'» 
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_r^ , . ^ \_ . , \ '^"y surgical interference. 

The history certainly points +n fi, 
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congestion of the head during deliver;-, and the brain 
injury may reasonably be ascribed to a hemorrhage 
upon or in the occipital lobe. Such a hemorrhage 
compressing the lobe would prevent its growth, would 
finally be absorbed, leaving probably only a connective- 
tissue plaque or membrane. Now. it is known that 
brain-growth proceeds until the age of fourteen or 
thereabouts, and the question arises whether removal 
of this plaque would allow this brain to develop. It 
is hardly supposed that vision would be improved, hut 
might not the epilepsy l>e benefited? As in the cases 
of hemiplegia and of mental defect, the question be- 
comes a pressing one, involving the future of the in- 
dividual. 

This case is not a unique one, Mfjeli has recently 
published (Arcli. fiir Psych., XXII., 2) three cases of 
hemianopsia due to defective development of the occi- 
pital lobe with porencephalus or great hj'drocephalus, 
found in adults, one at least of whom had epilepsy. 
In all the affection must have dated from infancy. 
In none of these would an oi^eration Iiave been feasi- 
ble; in fact, in all secondary degeneration ha<l devel- 
oped even into the optic tracts. Henschen records 
two cases of infantile hemiplegia in which hemianop- 
sia was found ("Pathol, des Gehirns,'' cases sa, 3;i) ; 
and Freund {Wie7i. vied. Woch., lSSf>, No. 3-2) also 
records two such cases. It is probable that the syniiv 
tom has escaped detection in some cases of infantile 
hemiplegia from lack of examination. 

It is evident, then, that three separaljle ty]>ea of 
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clinical cases of cerebral disease exist, any one of which 
may he accompanied by epilepsy. It ia of course pos- 
sible that one case may present the symptoms of all 
the various types, and in fact there are many patients 
who present both mental defects, hemiplegia and sen- 
sory defects, as in a patient to be described later, on 
whom an operation was performed. (!)ne of these 
varying sets t)f symptoms, however, is usually more 
prominent than others, and hence it is hardly neces- 
sary to estalilish a fourth type including all such 
anomalous ca»es. 

When a patient Ijelonging to one of these clinical 
tyjjes is pi-esented to the neurologist and the question 
is a.'^ked. Can surgical treatment benefit him? it ia 
evident that a serious problem is ojicned. In these 
cases the disease isat a stand.-itill and does not threaten 
life; surgical treatment is not free from danger, and 
the brain is still capable of great development. Can 
such iltncloinnent It^ aided liy an oiwration? In many 
cases the cpileptir attacks arc of sudi fi-eqnent occnr- 
rcmv ih;it any risk might well l>e taken if they could 
l»e surely stcpjieil. 

Any snhition of the problem ut" (i|>erative treatment 
nmst 1h* based uihmi two considerations: first, the 
imthology of the cases: sivondly. the results of experi- 
ence wlieu such operations have Wvn done. 

Reivnls of the jvitbological condition found in all the 
three classes of cases descril»«l are now accessible, col- 
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lections of cases with autopsies having been made by 
numerous writers. 

The lesions found are various in type, in origin, and 
in situation, but a careful study elicits two facta: 
First, that the difference in the clinical types is due to 
the varying situation of the lesion rather than to its 
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varying nature. Secondly, that the various processes 
of disease have, as a fairly uniform result, a condition 
of atrophy with sclerosis of the brain, which we may 
term sclerotic atrophy. 

1, In the clinicfil casps of our first type the sclerotic 
atrophy involves the motor area of the brain, i.e., the 
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rciitral convolutions bordering the fissure of Kolando 
and the cortex of their immediate vicinit)', and in- 
volves also the motor tract arising from this part of 
the cortex, and usnallj' the basal ganglia as well. In 
the clinical cases of our second type the sclerotic atro- 
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the variation in the sttaation should produce varj-ing 
Hvmptoms, in view of the facts of the localization of 
brain -functions now known. That there should be 
a limitation of the sclen>tio atrophy to certain lobes 
or regions — to the frontal, or central, or occipital, or 
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parieto-tempora) regions — in various cases has led to 
the hj'pothesis that the origin of the disease lay in 
some interference with tlie blixwl-supply of the part, 
since it has often been evident that tlie atrophy was 
limited to the region nourished by blood reaching it 




through one arterial trunk. And this hjrpothesis has 
been supposed to explain the pathogenesis of these 
cases. Yet its weak jmint is the fact that at the 
autopsies the vessels usually show no evidences of dis- 
ease or of plugging, and the infrequency of vascular 
lesions in infancy cannot be denied. Schultze is doubt- 
less right in this matter in sa>-ing that the pathogene- 
sis of these defects is as yet quite obscure. 

ti. It has been stated that the various processes of 
disease have, as a unifonu result, a condition of scle- 
rotic atrophy. 

This fact is borne nut by the following r^um€ of 
results in ;i43 cases: ' 

PorencephaliiN, a localized atrophy or agenesis, leav- 
ing a cavity in the cerebral hemisphere, which may 
be deep enough to open intii the ventricle, 133 cases. 

Fig, 3S shows this coudition. The right hemisphere 
irt smaller than the left, and has a fuuuel-shaped cav- 
ity leading directly downward from the side of the cor- 
tex into the lateral ventricle. ' 

Figs oi' and 4o also show a condition of i}orenceph- 
iilus. tlir (in 
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removal of the pia the brain cortex waa found to be 
defective in large part and the cavity opened into the 
lateral ventricle.' 

Sclerotic atrophy, an atrophic condition of the brain 
with an increase of connective tissue and disappear- 
ance of the nervous elements; affecting both hemi- 
spheres, or one only, or a i>art of one only ; or limited 
to small areas in various parts, !)T cases. 

This condition ia well shown in Figs. 41 and 4^. 
They are photographs of a brain kindly put at my 
disposal by Dr. E. D. Fisher. The patient was a girl 
aged 1!* at her death, who had been an imbecile and 
hemiplegic since birth and waa subject to epilepsy. 
The condition was described by Dr. Fisher before the 
American Neurological Association in ISSs, and this 
brain came from Case XXV. in his collection. 

MaldevelopiiK'.nt and apparent atrophic condition of 
the minute structures of the hemisphere, chiefly corti- 
cal, the cells resembling those of a new-born child, but 
with no apparent gross defects in the brain, 32 cases. 

Atrophy, consequent ui>on the condition of softening 
produced by emlwlisra or thrombosis, and limited in 
extent to certain arterial districts of the brain, 23 
cases. 

Meningo-encephalitis, a condition shown by thick- 
ening and adhesion between the pia and the brain, 
with destruction of the cerebral cells and atrophy of 
the cortex, 21 cases. 

' TTiia cuae ib describeci by ferraro in Revista Inter, d. Mwl. e 
Chir..Ang., 1888. 
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Cysts lying on the braiu and producing atrophy by 
pressure, or associated with atrophy due to the origi- 
nal lesion of which the cyst remains aa a trace, 14 
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Hemorrhage on, or in, the brain, as sliown by the 
remains of a clot, or by hiematin staining of a cyst, 
of the pia, or of the sclerotic tissue, IS cases. 
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Hi/drocephaliis with extreme dilatatiou of the ven- 
tricles, so that the brain tissue is i-educed to a mere 
wall about the cavity, 5 cases. 

Unilateral hj'drocei»hahis, 1 case. 

These are the conditions found at death in cases 
presenting the clinical features just studied. It is 
evident that they have this in common, namely, a 
condition of atrophy of the brain. The origin of this 
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Htropliyis not always cleav. In some cases it is clearly 
ciiiiM;t'iiit;il .-Hid due to ii maldevelopment of the em- 
bryo. Ill niluT cases it is clearly traceable to injuries 
«l Ijirlli. A^ain. in other cases it must he ascribed to 
afiVctions of various kinds, such as inflammations of 
tilt' niomhranes, nr of the brain substance, or vascular 
l«eiionti and their cnnseciuences. such as occur in adults. 
It is not always iK>ssihle, in a given case, to deter- 
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mine clinically the origin of the disease. For the 
abBence of a history of trauma at delivery does not 
exclude necessarily a congenital lesion. And the ex- 
istence of certain symptoms in acquired cases does 
not always enable one to determine l>etween an in- 
flammatory process and a vascular lesion. Thus fever 
of long duration and great severity is as likely to 
occur in hemorrhage or embolism as in meningo- 
encephalitis in infants. 

Nor are authorities by any means agreed as to the 
nature of the original pathological process of which 
the atrophy is the result. Wallenburg found evi- 
dences of embolism in 7 cases and of hemorrhage in 
5 cases. Osier ascribes these causes to 16 cases in 
his collection. Ashby describes thrombosis in 3 cases, 
one of them due to syphilitic endarteritis, a very rare 
disease in infancy. McNutt found meningeal hemor- 
rhage in 12 cases. Gowera ascribes some of the birth 
palsies to thromboses of tlie venous sinuses. Kundrat 
has recently affirmed that a laceration of the veins 
entering the sinus is a sufficient cause for hemor- 
rhages during delivery. 

Henoch, Oliver, Sachs, Hirt, and others, have de- 
scribed a condition of raeningo-encephalitis as present 
in these cases, and Wallenburg considered this the 
primary condition in 14 cases of his collection. Striim- 
pell's theory of an inflammation limited to the gray 
cortex has been discarded from lack of evidence. 
Thus it is evident that diseased states of the blood- 
, their rupture or their plugging, or inflamma- 
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tory f()ii(litioi38 of the meuingea or brain, may be the 
primary conditions in many cases of sclerotic atrophy 
and of porencephftlus ; conditions which vary very 
widely and which it is often impossible, chnically, to 
distinguish fi-om each other. It is also evident that 
in quite a proportion of cases the origin of the atrophy 
must be a maldevelopment, whose real reason is wholly 
obscure. 

Frtun this I'eview it is apparent tliat many of the 
conditions are of such a nature as to be wholly un- 
affectixl by an t.>perative interference. A porencephalic 
cavity, filled with cerebro-spinal fluid, is not likely to 
be lienefitrtl liy any enlargement of the intra-cranial 
spatv, or by the alistraction of the fluid. In several 
cases oivratrtl u[>on the withdrawal of this fluid has 
btfu foUowetl by sudden i-ollapse and death." On the 
oilier hanil, tbeiv are conditions, such ;»s maldevelop- 
ineiit of the ivricx without gr\»ifs lesion, in which it is 
jxKisible that anything which may stimulate latent 
(Hiwer? t>f gniwth. or may remove those influences 
which iuterfen- with devx-iopmeut. might result in im- 
provoment. It is to Iv tvmemberwl that the brain is 
caiKible of grvwth and development until tbeagpof 
twenty, if not longer. juhI granting that .1 stimulus 
to its gnmth may be gi^vu during childhixxl. that the 
artt^si of ilevelopuu-nt in nL-uiy oasi-s might perhaps 
h»T¥ been preventrtl. 
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The study of the pathological condition, therefore, 
does not absolutely contra-indicate tlie operative inter- 
ference, although it makes it clear that the lesion in 
the majority of the cases is one which cannot be im- 
proved by any means. If we admit that ijorenceph- 
alus, atrophy from vascular lesion, meningo-enceph- 
alitlB, and hydrocephalus are incurable, and that 
hemorrhages cannot be diagnosticated early enough 
to warrjmt the removal of the clot before it has caused 
atrophy from pressure, we have 193 cases out of 343 
in which operation would have been futile. This 
leaves 150 cases of sclerotic atrophy, maldevelopment 
of the cortex, and cysts, in which it is barely possible 
that an operation, if it relieved pressure or stimu- 
lated brain-growth, might have had some effect. It 
is only by tlie latter hypothesis that the apparent im- 
provement in certain cases can be explained. 

The unfortunate fact remains that it is im[K}ssible 
to ascertain the actual pathological condition present 
without an exploratorj- operation, as no clinical facts 
are at our disposal to enable a pathological diagnosis 
to be made. 

A suggestion is here offered incidentally, that when 
operation is undertaken the surgeon, before opening 
the dura, should, by manipulation or by exploration 
with a hypodermic needle, ascertain if possible whether 
a cavity in the brain exists beneath the opening in 
the skull, and if so avoid opening the dura lest the 
evacuation of this cavity result in death. 
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The liesitlts of E.cj>erience. 

Let 113 review secondly the results of the experience 
of surgeons in the treatment of these cases by oper- 
ation. 

The operation of craniotomy has been done by 
many surgeons during the past three years, and the 
results have been reported by several of them, notably 
by Lannelougue, Keen, Bullard, Oppenheim, Frank, 
Hammond, Horsley, Agnew. and Park. Many other 
oix'rators have reported single cases.' 

The accompanying table of thirty-four cases gives 
the name of the operators, the journal in which the 
rt'iMirt is given, the age of the patient, the 8)-mptoms 
I'or which oi)eration was done, and the result, with the 
time which had elajised Itefore the result was reported. 
lj»mu'longue's oases are not included in the list. He 
stated lit the French Congress of Surgery in Paris, iu 
April. ISiM, that he had operated twenty-five times 
with but one fatal ifsult, and i-emarked in general 
tonus that the (uitient.-i— who wei-e chiefiy microceph- 
alic infants or epileptic children— improved after the 
..[HTatiuii, UuuK'Umgue's method of operation was 
to UKike a V or V sha(»tHl gnx>ve through the skull on 
one >*uic. thus hoping to ivHine intracranial pressure. 
As moiv pnvis,' facts aiv net^letl. these cases are es- 
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Table I.— Cases of Cbamcptomy in Children. 
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Table I.— Cases of Ckakiotomt ix C&ili>rex.— CoMiuuMd. 
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It will be noticed that of Si cases 1 4 died. This dem- 
onstrates that the operation of trephiniug is a more 
serious one in childhood than in adult life. Death has 
been due in 10 cases to shock from sudden evacuation 
of cerebro-spinal fluid, or from the severity and length 
of the operation, and under these circumstances it has 
occurred within a few hours or days of the operation. 
In ii cases it has been due to exhaustion, and has not 
taken place within a month of the operation. This is 
a much greater mortality than occurred in Lanne- 
longue's experience. 

Two criticisms must be offered upon the reports of 
this class of operations. First, they are considered 
too exclusively from a surgical standpoint, and recov- 
ery from the operation may often be misconstrued as 
recovery from the original condition. Secondly, they 
are reported too soon after the operation to warrant 
any very positive statements regarding its perma- 
nent effects. ' In some cases the paralysis has been 
markedly relieved. In some cases the epileptic at- 
tacks have been said to be diminished in frequency 
and severity, or have l>een modified in character; but 
when the undoubte<i fact is admitted that any opera- 
tion may modify the course of epilepsy,' such state- 
ments must be subjected to the test of long observa- 
tion. It will be noticed that Maunoury reports an im- 
provement for three months followed by return of 

'SeBalaopriticiamhy Botimeville. Arrli. tie Neur<>!., 1893, No. 71. 
ee Dr. J. William White on the Hiip|josed curative effects of 
aoaper »e: Anoal-s of SurgerA". August and September, 1881 
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the symiitoins. In some cases a marked improvement 
in the mental condition has been reported, but here it 
is to be remembered that education and training will 
do much, and have been attempted perhaps more 
thoronglily after than before the operation. It is very 
desirable, therefore, that the medical reporte in such 
cases should be more complete. 

As a txintribution to this subject the three following 
casi>s are reported : 

Cask XIV. Hemiplegia, epilepsy, taental iveakness — 
IWph itiiiig — Improremeu t. 
E. H.. now S years of age, whs bom without difficulty, 
and wm a hoaltlir baby uutil 5 months, when she was sud- 
doitly seized willi general eoD\'ulsioQS attoided by high 
fover and foIKtw«l by K*ft hemiplegia. ¥ot three weeks 
tiu> (emiternUtn.' varie»l (ritm UH>' F. lo 105° F..and con- 
vulsions i\xHirh«ii ftMin time to lime, the chiM being un- 
vviiA'iiHis ^nixst all the time and being b^ alive with 
difth-uUy. Tlh»u a gradual pwvrery began which bad 
rtHUiiimxl till tlK' «Hh yt-ar. wbeo 1 saw ber. She w»8 still 
ui!»rttHH\- iH-uupliyio .<«» the Wt i^ide.tbe fttce vasDodceaUy 
iitttvttxl whi*ti ^lo iiuttle \^ilunl»ry griniaoes; the aim was 
iiKnY*! f.Hirl,v wvU. b«t iho hamd was usek^ and the fingers 
\vw\' ui A'tisUiut sk'w uK'4t\iu v>{ dexiv*n and eilecsioo. this 
AlM\«us lvi«^ mix-h i«vTv«#^ by any effort with theother 
hathl: ttvi" kv vi»s utv>vnt welL thou)^ s^ dngged Uie 

rtv>» il»'*.>r*.-.hxl, tt*f«v Ivini: A teol^eotry *> talipes eqirinoB. 
I'V' li»rAl.\»\l UmNi wvtv *«a»^W ih«a ^ others, but 
?«l^HMI^«•. WH* r!y*ttw*l AW.I AN-tri.'ttl rtt t i w were bat 

»ivs**<^> **«« tK.*M .« Hnt ktber saAiw li 
»*u\v.-4tt'j^ v-j nww tfc.'ifc._ 
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a few seconds, in which she seemed alarmed, ran to and 
grasped some one, saj'ing she felt sick. Since the age of 
5 she has had severe attacks, chiefly at night, in which 
she cries out and has a short general convulsion, usually 
more marked on the left aide, without biting the tongue 
or passage of urine. After such attacks she sometimes 
sleeps, sometimes goes on playing. In the past six mouths 
she had also had two very severe attacks of unilateral 
CMnvulsions, there being a series in each attack. In these 
the spasm was first limited to the left face, the eyes turn- 
ing to the left; then Uj face and arm, then to face, arm, 
and leg, extending in this order, and tinally the entire left 
half of the body was invaded in each spasm. Each spasm 
lasted about six minutes, the series lasting an hour and 
a half, and she was unconscious throughout. After these 
two attacks she was quite weak for a day or two, and the 
hemiplegia was more marked and the athetosis was per- 
ceptibly less. 

She had been petted much, and her parents think this 
is one cause of her being very fretful, irritable, hard to 
manage, and difficult to teach. The fact is that the child 
was deficient in the power of self-control and of voluntary 
attention, though her perceptions were keen and her mind 
active. All her sensory powers were perfect. 

The increase in the number and severity of the epileptic 
attacks, and the realization of the mental deficiency of this 
little girl, led the parents to desire an operation ; and with 
the distinct understanding that no positive result could I)e 
assured. Dr. McBnmey trephined, at Roosevelt Hospital, 
on February 10th, 18111, at my request. A portion of 
^ull about two by three inches was removed over the 
middle third of the motor portion of the right hemisphere. 
This point was selected by rea.son of the jmralysis lieing 
more marked in the left arm and hand than elsewhere, 
the athet'jsis was confined to these partK, and 
ooilateral convulsion had affected the«e fiartii 
Tbe hoae and dura were normal ; the pubtation 
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of tbe dura, Been on exposure, was normal, and 1 
sensatiou U) touch made it evident that there was 
cavity with fluid beneath the dura. The dura was there-^ 
foro divided, aud the braio tissue exposed. Tbe lissure of 
llolando and the anterior and posterior central convolu- 
tions were reco(fuized. The lirain appeared to be perfectly 
normal. There was no evidence of the previous occur-J 
reDce of a hemorrliage, or of meningo-encephalitis, and noT 




trace of atrophy. The dura was then sutured, the 1 
was not replaced, the wound was closed and healoj 
promptly, and in two weeks the child was at home a 
For one month after the operation the hemiplegia i 
more marke<i, and the athetosis much less; then the p 
sis began to improve and the athetosis returned, and ) 
years after the operation the hemiplegia may be said 1 
be marketlly improved, but the athetosis continues. Thi 
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severe epileptic fits with a crj' which occurred nightly, and 
the JackBonian fits of which she ha<l had two series in the 
six months prior to the ojreration, have not recurred. The 
petit mal attacks continued for two months after the oper- 
ation, and then began to diminish in frequency. The 
daily record shows the contrast between March and Sep- 
tember. In March she was having two or three attacks 
daily. In Septemljer she had fourteen attacks only, hav- 
ing bad none at all during the first twelve days of the 
month. The piirents believe that the mental condition of 
the child is marke*lly letter, and that she is more capable 
of concentrating her attention. She has a more intelligent 
facial expression tlian formerly, but I am of the opinion 
that such mental improvement as has occurred is owing 
to more special and intelligent instruction and manage- 
ment than she had prim- to the operation, and to the pro- 
gress of natural development. 

During the past two years she has had three peculiar 
attack-s iu which she has suddenly become alarmed, fret- 
ful, and appeared to be suffering. At these times the face 
has been flushed, and the scalp over the opening in the 
skull bulged perceptibly. She has not lost consciousness 
and has had no fit, but subsequently has appeared to be 
very weak, and for several minutes quite unable to move, 
and for an hour after has complained of tingling sensa- 
tions in the hand. Whether the opening in the skull has 
prevented a sudden cerebral congestion from irritating 
the brain and thus prevented a fit, may ho regarded as an 
open question. That some marked change occurs in the 
intra-cranial pressure is proven by the marked bulging on 
each occasion. 

Case XV. Imbecilil;/, cpilejis;/, hcmijiletjiii — Truplihi- 
/ n (7 — Imp rovemeiil. 

L. B. , now 8i years of age, was bom prematurely, and 
was raised with difSculty. Her mother died of phthisis. 
At the age of 5 months she began to have convulsions, 
which hatl continued up till the time I first saw her, in 
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Ajiril, IRlH. She waa then having twenty fits in a 
day, each lasting from two to five minutes. At one 
time she had gone a month without a fit under bromide 
ti-eatment. The girl had always been an imbecile, had 
failed t«> develop properly, and appeared like a child of 
four years. She was very microcephalic, all the meas- 
urt-ments beiug much below the normal, but the skull 
was not asymmetrical. She had learned to walk aiid 
to tidk. but suddenly, in November, WW, after a fit 
WHS found to be aphsisic and hemiplegic on the ri^ht 
side. The aphasia was ctimplete when I saw her, hav- 
ing (lersisteti fi>r five months. She understood what was 
said to her, nbeyed t^^immands, but said nothing. The 
hemiplegia had improved, but her right hand was use- 
less and in a state of athetoid movement. It was less 
sensitive than the left hand. Her head was in constant 
n.>trtry motion. Examination showed a right bilateral 
hemiaiH>i>sin. Tlie aunt liad noticed an increase in the 
nu'nlid dulnesi*. and sytid that the child was too stapid 
to cry. 

AVhile the appearance and the actions pointed to a cm- 
ditiou lit' imbecility due to micnKVphalus, it was tbougfat 
thai (lie sudden onset of hemiplegia and aphasia, with 
th'inianopsia, iiidii-aietl either the oivurrence of a bemor- 
rl)ai:e or heginuiug tulvn-uhir meningitis. With a view 
to the [x^ssiliUiy i.if removing a clo*, the child was sent to 
Rin«ev»>Ii Hv>?j>ital. wht-n.*, at my rei]uest. Dr. Hartler 
iUVtatixi u]>i'n her >« May l.Mh. IS-.'I. A piec« of booe, 
:^)OUt twv inches iu diameter. w»s n-moved fn-nn tfaeskuQ 
over ibe li^wer ^xwt of the mot*.* .-uva and Ertica's ccbto- 
lmit<n. and thi~ i<f>^ning n-^ts iheu eular^^^l upw^ud and 
)Mt*kwar\l. There w;^ m> bulgiti^ ot the dura and m 
evideoiv of iuvtv-aseil cr*nial pivstruiv- \\~ben the doim 
wtts divhW tbe i.>^nex i4 the [M^ceHor pLrt of ibe Aird 
and ;!M.\<od t'rv>iital v.wtvvitntk<ci« aad ibe k-«vc half of the 
axiteri\ir ».vctral ooDnihinvn were es^«^«r^i w ri«f» ami 
ni«\^lUflMl. No v-ikt vatf found. b>> eTi\femt.-v of ^>e^m^ 
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tis, and the brain presented a normal appearance. The 
wound was therefore closed, the bono being left out, and 
it healed promptly without any complication. For six 
weeks after the operation no change was apparent in the 
condition, and the fits continued a.s hefore, from six to 
twenty daily. Then a marketl improvement began. At 
present, sixteen months after the operation, the child talks 
freely, names objects at once, can answer simple questiona, 




and sing children's songs. Thu lieniip]egi;i hnn disap- 
peared entirely, hut effort witli the left hand produces 
associated motions in the right hand. All rotary move- 
ments of the head have ceased. Sennation Mcenia keen in 
the right hand. There seems t<i be traces of right lienii- 
anopaia, but she is watchful of tests, though too stupid to 
give any accurate replies. She has bfen taught fei ke<'p 
herself clean, and is certainlymore observant and oliedimt 
than formerly, though still imbecile. She is still having 
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a decided depression existed in tbe skull over its situation, 
and a niarkeil difference could be seen betw^een the size of 
the frontal bone and the jjost^rior part of the skull. It 
looked as if a cap had been applied over the entire frontal 
bone which had arrested its growth, while the rest of the 
skull had developed properly. The arch of the palate was 
high. In this case I advised an operation, which was un- 
dertaken by Dr. McBumey and performed during Decem- 




Bone Id Can XVL 



ber, 1892, The object in view being to allow of growth of 
the frontal lobes, it was thought best to lift the boue away 
from the brain on both sides. The left side was first oper- 
ated on and two weeks later the right side. Both sides 
were done in the same manner. A long semilunar inci- 
sion was made in the scalp from the forehead near the 
temple backward to the mid-parietal region, its convexity 
being upward. A small trephine opening was made at 
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the summit of this incii^ion, and ivith this as a centre a 
(groove was chiselled in the boue, first downward and for- 
ward, then downward and backward. Thus an ome^a- 
itbaped groove in the skull Wiis cut. The bone was then 
gently pried up, the short limb of the omega between its 
ends being broken. Thus a bony Sap with scalp attached 
was niisod alwut an inch away from the dura. The dura 
was not opened. The wound was dressed so as not to 
make pressure on this flap. It healed by first intention, 
an did also the serond wound on tlie other side. When 
the child went home the elevation of the two portions of 
bone was very perceptible. 

Her attjicks ceased entirely between the first and the 
necond operation, but returned with their usual frequency 
aftt'r the second operation. Sloiitally she seems brighter 
am) is beginning to leiirn. 

Case XVII. hUnvij — Kpilejh-iy — Hemiplegia — Trephin- 
i,i>l—nriitli. 
A. H., iigfd XM, Inui l)een hemiplegic on the left 
side cvor since hirtli, had never developed mentally, 
was a total idiot, niiable tu talk, dirty and drooling. 
Since tbo ii^i' <•( six nionlhs ho had hiid frwjuent convul- 
sions which iK'pm in the luft band. The parents insisted 
ijjmn an ojHTation, and Dr. Weir cousented to make an 
exploratory oiK-riition ;it iln' Xi-w York Hospital, February 
Isi, ISli-J. The t>"iiil .■'oWiiHi for trephining was over the 
motor n'gion of the iirm on the riyht tiiile. A large button 
ot" Uine wan removiil and the oin-ning enlarged with a 
r.mgi'ur. The dura did not |iulsate and did not have as 
tense an ap|iearance as usual. A h>"piHlomiic needle was 
thrust through it and did imt eiicviuntor any resistance 
henejitb. Init could Ix- fnvly nioveil almut in a cavity, 
AIhuii a ilnK'hm of cWr m'rons Huid enleretl ihe bypoder- 
niic syringe. It was evidi'iit that a i^^reui-ephalic cavity 
lay U'Ufatb the dura, an«l as the opening of such a cavity 
wiL-* considered ilangertius the wound was ck«ed. During 
the I'ullowing twu dnj's it wns with mitch difficulty that 
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the patient was restrained. At last he succeeded in tear- 
ing off his bandages and died a few days later of menin- 
gitis. An autopsy vr&a not allowed. 




Fia. 4T.~Dlagraiii<if th«Opeii[ii(r<n <lif Skull In Casp XVn. 

Dr. Rowell Park "sexpei"ieuce with this new and rad- 
ical procedure has been sufficiently varied, interest- 
ing, and imix)rtant to justify the individual recital of 
his cases. ' 

(1) J. v., aged 3i years, was referred to me by Dr. 
Crego. As a baby he was restless and "jerky," and 
when months old had convulsions of the entire body- 
As he grewolder hewoidd sometimes fall in some of the 
attacks. These wlowly assumed the conventional epileptic, 
tj"pe, and by the time lie was -i j'ears old, or in March, 
' Medical Nl-ws. Det-, 2d. I8'J3. 
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18H1, were jierfect examples of grand mal. They also in- 
creased in frequency and severity. At that time he began 
Btag^ring in his gait, and hia left leg grew weak. Soon 
after it showed relative decrease in length and size. His 
temper became violent and uncontrollable, his epileptic 
seizures more and more frecjuent, and during the twenty- 
four hours previous to the oper^ tion he had between thirty 
and forty distinct and severe seizures. Though he was by 
no means an imbecile, his mental development was re- 
tarded. His skull seemed relatively small for his age. On 
June21st, 1891, 1 operated on him at the General Hospital. 
A long incision, one inch to the right of and parallel with 
the middle line, was made from the forehead to the occiput. 
With cutting bone-forceps I excised a strip of bone 3 cm, 
wide from the line of gi-owth of hair in front nearly to the 
occipital protulieraiice behind. Then detaching the scalp 
forthe purjHise, I excised a narrow strip of bone over the 
fissure of Rolando on the right side down nearly to the tem- 
poral fossa. The wounds were closetl without drainage. 
During the ensuing twenty-four hours shock was severe, 
and the child had several violent epileptic seizures. Since 
this first day he has never had another. His irascibility 
has subsided, hia general health and intelligence have im- 
proved ; he now runs, plays, acts, and talks just like other 
children of his age. 

{'i) Minnie R., aged 4 years, was referred to me by 
Dr. Putnam. This was a ctise of congenital microceph- 
aius and imbecility. The parents were healthy and the 
family historj' was good, the previous children being 
soimd. This girl had scarcely ever sixiken a word, and 
manifested no more intelligence than an infant of three 
months. Her fontanels closed vei'v early, She leads a 
vegetable sort of existence— without disturbance of func- 
tion. (Operation here seemed much less hopeful than in 
the previous case j it was, nevertheless, undertaken July 
IStli, Ism. An incision was made 3 cm. to the left of the 
middle line, from 4 cm. above the left superciliary region 
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to the occipital protuberance. A strip of bone waa excised 
much nearer to the middle line. After removing it the 
Hcslp was pressed away on the left side and a strip excised 
over the Rolandic fissure. I then made an incision over 
the right Rolandic fissure and excised another strip of 
greater length, the three lines of defect having a common 
meeting- place. The central grooves were cut with forceps, 
the lateral grooves with a chisel. There was no great 
hemorrhage, and the wounds were closed without anj- 
provision for drainage. The child nearly collapsed after 
the operation, and for two days required constant atten- 
tion. The after-results in this case lia.ve been practically 
nil. There has seemed to be a perceptible improvement 
in intelligence, and the child has appeared a little more 
alive to what is going on about her, and this ia about all 
that can be said. 

(3) W. K., aged 18 years, was referred to me by 
Dr. Crego. From an early age the patient'a mental 
development has been very disappointing. He is physi- 
cally large and well developed, but mentally sliows scarce- 
ly more intelligence than a child uf two or three years. 
At the age of about five he first showed epileptic mani- 
festationH. His seizures were then few and far between. 
TUey gradually increased in frequency, until now he has 
several in one day, but may possibly go a few days with- 
out any. His temper is usually good, but at times he 
is excessively wilful. The upper portion of hia cranium 
is relatively small, though not conspicuously so. The 
muscles of his right side are somewhat atrophied. It 
seems that liis epileptic fits have been somewhat more 
violent on the right side tban on the left. His personal 
habits are good, an is also his family history. Dr. Cregu 
and myself both thought that an extensive cranial opening 
might give relief, and the experiment was proposed anil 
accepted by the father. ( )peration was done October aotli, 
18511. A long incision was made to left of the middle lino. 
When I endeavored li> maki.' a longitntlinal division of the 
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bIcuII, commeQcing with a cummon ampatating saw, I 
found that the bone was very thick. I then applied a 
trephine over the motor area, and, through the opraiing 
thus made, with chisel and gou)^forcep6 removed a por- 
tion of bone, some 6 cm. in diameter, and in ehape like a 
spherical triangle. Through a snaall opening in the dura 
I found that there were no adhesions, but that the arach- 
noid and pia were succulent and ^edematous. I started to 
make a longitudinal excision of bone, but finding the same 
to be 1 cm. thick, desisted from this attempt and tried to 
make simply a large relief -opening. The wound was 
cloeed with catgut and an ice-bag applied outside the 
dressing. At ti p.m. the boy was somewhat reetlees and 
had a fit. This condition became more marked, and by 
midnight, in spite of considerable morphine and other 
sedatives, he was convnlsively restless and violent and 
required both a strait-jacket and chloroform. At 4 A.M. 
he died of exhaustion. 

(4) J. M., aged lo years, was healthy until he 
was three years old. Then his nurse used to frighten 
him, and he grpw to be ver>' nervous and timid. He sotm 
began having fits everj' night, until he was 13 years 
old, when they occurred in the daytime also. Shortly 
after this he was having from thirtj* to forty fits every 
day. During one of these be fell and broke his elbow, 
which is now partially ankylosed. He also cut his fore- 
head to the boue. For the last two years he has been 
lying mo!it of the time helpless in beil and has had to be 
fwl- His symptoms, mental and convulsive, seemed to 
ix>cur in cycles of alx.ut three weeks each. During the 
first wet'k of the three he would Iv noisy, in the second he 
w^ould be weepinp and wiulinj:. and during the third 
apnihotic and almost uiiwmsoious. He rarely apoke. All 
the children of this family wor*^ rachitic. Xo\-ember 3d, 
l^'.'l. the Iwy was brought to iivv clinic in this third stage, 
imd it st-emeil imik>t*iiblo lo nrouse hint. He ux>k mechan- 
ii-ally nuist of what vva.-* (Hit into his mouth. His bed 
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was constimtl)' suiletl. His arms, ami Bometimes his legs, 
were nearlj- always in the athetoid condition, and any little 
disturbaace would bring on a mild eeizure, during which 
his arms were drawn up over his head. There were no 
scars over his motor areas. November 7th, 18!fl, the opera- 
tion was carried out at my clinic. A long incision was made 
to the left of the middle line, and after a first opening of 
the trephine a long strip of bone, 1 cm. wide and 13 cm. 
long, was removed just to the left of the longitudinal 
sinus. The operation had to be discontinued because of 
collapse. The patient stopped breathing, iiearlj- died on 
the table, and was revived with great difSciilty. The 
wounil was closed as rapidly as possible. He seemed 
better the same evening, but next day the athetosis contin- 
ued ; he became uneasy and died, twenty -six hours after 
the operation, of shock. 

(5) S. P., aged 9 years. This patient is of Rus- 
sian-Jewish parentage, bis father being an educated man 
and the other children healthj-. He presents a defec- 
tive skull -development, especially over the left frontal 
lobe; is imbecile and epileptic; ha-s seizures coming on 
about every five days. His forehead slopes backward so 
as to give him somewhat the appearance of an Aztec child. 
Mentally he is an imbecile, mutters half a dozen words, 
staggers about the room, hut in disposition is goo<l-natured 
and even confiding. He was operated upon November 
14th, ISIU, at myelinic. In this instance I varied the 
ordinary procedure in that I laid up a V-shaped frontal 
flap, its apex reaching nearly to the vertex of the skull, 
its extremities extending nearly to the external angular 
processes. Then a small trephine was applied on each 
side of the middle line; the opening thus made was con- 
nected across the longitudinal sinus, and then two strips 
of bone were excised in a direction parallel to the scalp- 
incisions, by which considerable spring was given to the 
frontal bone and the fragments of othei-s attached tn it. 
The operation proceetled without incident, and the first 
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dresBU^ was Dot made until eight dars later, when per- 
fect anion was fotmd. The ■"*"**■* "*^ ^ects in this case 
were not very pronounced ; die seamres, bowerer, Iwcame 
lees frequent and lees severe, and wh^i the boy 1^ the 
bnepital a few we^s later he had lost bis staggering gait, 
and bis various actions and attempted speech shoired 
much more fixedness of purpose than was previously tbe 
case. But at the end of a year tbe results in his case have 
to me been astounding. He has bad no fit for tliree 
mcHiths, and within a week or two was again exhibited at 
my clinic. He came up to me and publicly asked in clear 
and distinct tones whether he could go to m^xioI. I held 
Bome conversation with him before my class, in order to 
show that he was capable of rational tbou^t and rational 
and even accurate conversation. In additicm to this he 
has developeii physically, and bis face now has a really 
intelligent expression, whereas a year ago it was expres- 
sionless. 

(C) C. S.. age<l li years, of Warren, Pa., was sent 
to me l)v Dr. Baker. This child was also an imbe- 
cile, speakiDg but few words, being at times irascible 
and having at times frequent epileptic seizures. There 
was partial paresis of the left arm. although she used it 
more or less. lu her ch:* there was great asymmetry, 
there being a great depression over the right side. She 
was operated un the same day as the previous case at a 
special clinic given for these two cases, and a strip of bone 
about 1 cm. wide was excised to the right of the middle 
line, extending well backward mid fcinivard into the frontal 
bone. The dura ^vas not oj>enwl. At tbe first dressing, 
one wwfc later, jierfect union of the wound was found, 
and a light dressing only was applieii. A few hours later 
she g*>i restless and ton- ibis off. and then picked the 
wound open m. tlmt it pqn-d for it- whole disbtnce. It 
was immeiliatelv re-dr^«.<o.l after disitifwrion with hydro- 
ts-n dioxide, but ht-aUxl the s.>t-ond time by the slower 
pnwess of granulation. Piiring the few wwks of her stay 
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in the hospital she improved a little. A letter from Dr. 
Baker, dated October 25th, 18112, nearly a year later, statea 
that "she is no better now than she was before operation. 
For the first three montha after operation there was a 
marked lessening in the number of paroxysms, but for the 
last three months the convulsions have been both severe 
and frequent, she ha\nng several daily. She is in much 
the same condition mentally that she was before operation." 

Coiiclufiions. 

From this review of the clinical types of cerebral 
atrophy in childhood, of the jiathological conditions 
producing these tj'pes, and of the results of surgical 
treatment hy craniotomy, the following conclusions 
may be drawn : 

1. Hemiplegia, sensfiry defects, and imbecility oc- 
curring with or without epilepsy in children are 
chronic diseases, incurable by medical treatment. Any 
means which may be legitimately used to save the in- 
dividual from a life of invalidism, and to take the 
burden of his care from the family, is to be employed. 

2. The pathological conditions producing these 
symptoms may Ire either gross defects and atrophies 
of the brain, oi' an arrest of development in the cere- 
bral cells, without any change which is apparent to 
the naked eye. 

3. It is at present imi>ossible to determine abHolntely 
the pathological condition present in any given case, 
without an exploratory operation. 

4. Such operations are not without danger, but if 
caution is used in ojiening the dnra, and if the ni^ra- 
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ti(»n in made as short as possible, the dangrers are 
avoided. 

5. Wlien manifest ati-ophies are present the opera- 
tion will not ijroduce any result. When the condition 
is one of arrested development of cerebral tissue, it 
may prove of service. When clots, cysts, or tumors 
are found and removed, the chance of recovery is in- 
creased. When the skull is markedly microcephalic 
from early union of the sutures, the increased space 
given to the brain by the operation api)ears to stimu- 
late its growth and development. 

(i. Epileptic attacks are fretpiently reduced in fre- 
quency and modified in character by craniotomy. 
When the opening of the skull remains covered only 
by the soft tissues, it appears to act as a safety-valve, 
jillowing changes in the intra-cranial contents to occur 
wiibnut prulucing pressure ujxin the brain. 

T. Hemiplegia, aphasia, athetosis, and sensory de- 
fects have Uh'u relievinl by oi>eration, and in a num- 
Ut of civses the mental condition has been greatly im- 



CHAPTER IV. 

TBEPUUnNG FOB CERHBRAL HEUOBBHAOE. 

Records of Cas*^ of Clots Rhmov.-,I Ironi tlie Brain, Ki'jHirt of Per- 
sooal aud Selected CaseH, Tlie Symptoms of Traiiriiatic Uerehral 
Hemorrhage. The Differential Diagnosis Betweeu Intra-Diira! 
and Extra-Duml UeniDrrha^e. Operations fur Non-Trauuiatic 
Hemorrhage. 

In the remarkable jKiper which Macewen read be- 
fore the British Asswiation in IfiJSS, he described three 
caBes in wbioh he had removed clots from the surface 
of the brain, having been guided in all these ojiera- 
tions by symptoms which indicated an affection of 
the motor area of the cortex. 

The first of these cases was one of paralysis in the 
left half of the face and left arm, in which the clot 
was found lying over the lower third of the motor 
area. The oi)eration in this case was done in isj 
In 18S3 two similar operations wei-e Buccesafully pi 
formed : the first for the relief of paralysis of the arm ; 
the second for the relief of paralysis of arm and leg. 
All three cases had developed sraiptoms subsequentlv 
to an injury, all tliree were suffering from general 
symptoms of compression, and all three recovered 
completely after the removal of the clot. 

Between that time and the present alwrnt thirty 
cases have been reported of successful attempts 
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to remove clots from the brain. The majority of 
these have l)een cases of hemorrhage developing with- 
in a few hours after the occurrence of an injurj- to 
the bead. A few of them have been cases of spon- 
taneo\is intracranial hemorrhage without external 
injury. 

Traumatic Hemorrhage. 

In cases recorded bj- Ball and Schneider pene- 
trating wounds inflicted by a knife in the left temple 
gave rise to gradually inci-easiug symptoms of cere- 
bral compression with the development of total aphasia 
and slight right-sided paralysis. In both these cases 
the exposure of the dura by trephining the skull re- 
vealed it to be pulseless and deeply stained by blood, 
and its division revealed the existence of a large clot, 
black and tarry, which was easily removed in both 
cases. The patients recovered completely the use of 
Bi>eech, but in Schneider's case the slight facial paral- 
ysis remained even at the end of six months. 

Ball's case is as follows; ' 

F. B.. ret. 30, admitted September Ist, 1887, had been 
struck on the heml with a penknife ten days before cam- 
iii^ under observation, yince the accident he had found 
difficulty in iisintr the right ^vonls — for instance, he said 
hi' had a "man" in the side of bis "head, when he meant 
"pain." He did not appear to be able to nnderatand 
everything which was snid to him and he was unable to 
renil and to write nt dictation. Upon examination a small 
Hciib wiis found adherent to the scalp, over the squamous 
portion of tilt' left temjiond bone; this, when detached, 
' Dubliu Joiii-ual. IBStt. vol. 88, p, 248. 
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showed a cicatrix, apparently pxtendiag deeply through 
the temporal muscle, but the wound was quite healed. 
He was unable to name correctly articles which were 
shown to him, while in speaking be constantly used wrong 
words or parts of words. There was no paralysis whatso- 
ever to be detected of any of the voluntarj- muscles when 
he came under my observation. Five days after his ad- 
mission his symptoms had so much increased that it was 
determined to operate. A flap was turned down, includ- 
ing a portion of the temporal muscle and containing in its 
centre the cicatrix ; this disclosed a wound of the squamous 
portion of the temporal bone of a size and shape likely to 
be produced by the small blade of an ordinary penknife. 
A medium-sized trephine was now applied, and a circle 
cut out, containing in its centre the cut in the bone; this 
was attended with some difficulty, as the lower part of the 
circumference was exceedingly thin, while the upper por- 
tion was tolerably thick ; the piece was, however, removed 
without injury to the dura mater by the trephine. It was 
found that the knife had i>erforated the <lura mater and 
brain. The wound in the dura mater was enlarged, in 
doing which the large posterior branch of the middle men- 
ingeal artery was divided, and gave some little difficulty 
to control. A sinus forceps was gently passed along the 
brain wound and the blades seirarated, when a dark- 
colored bliKxl-clot presente<l and was gradually extruded by 
the internal brain pressure. Some more fragments of clot 
were removed by tlie sinus forceps and by a stream of 
weak perchloride of mercurj' solution from a syringe. A 
drainage tube having lieen intnxluced, the flap was re- 
placed and held in position by deep sutures. On the 
evening of the same daj- the patient was much more ra- 
tional. Next morning he was again more aphasic, and 
it was found that the drain had become blocked. Upon 
freeing it a considerable (juantity of broken-down bJooil- 
clot was removed, sind his [>ower of speech improved. 
He made an uninterruptfd recovery. 
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Schneider {Arrhiv fUr kliniache Chirurgie, 
XXXIV., Heft 3) publishes the following history: 
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• patient was a yoiuig 
etablxtd with a knife in his left t^nipk-, and wlio had, 
ahnost immediately, paralysis of the right side of the face 
and of tiie right arm and leg. Four days afterward ho was 
brought into the hospital in Konigsbei^. He then had a 
small, almost healed wound over the tliird frontal con- 
vohitioii. He was perfectly conscious and could answer 
by signs, although he could not speak a word. As tlie 
hemiplegia increased without febrile symptoms, Sclineider 
attributed it to an accmnulating extravasation of blood 
and operated for its relief on the ninth day after the in- 
jury. He trephined the skull at the seat of the wmind, 
opened the dura, removed a small clot, found tlie first 
branch of the middle cerebral artery spurting in the sub- 
stance of the brain, seized it with forceps and ligated it 
with catgut. Tlie wound was then cleansed, the opening 
in the dura was sutured with line catgut, the soft parti 
covering the skull were also sutured, a drainage tube was 
inserted, and a Lister bandage was applied. The wound 
heated by first intention. On the third day after the o] 
ation the patient began to articulate, aud in four weeks 
spoke perfectly, Part of the hemiplegia disappeared more 
rapidly, the leg and arm recovering in eight days; but the 
facial paralysis was not wholly gone after a lapse of six 
months. 

In cases recordeil by Owen,' Walker,' "Winkler,* 
Homans,' Allingliam, * and Croft,' cerebral symptoms 
of the nature of paralysis developed within a few 
' Owen ■ Bril. Med, Jour, Ck-t, 18ih. 1888. 
■ Wftlker : Med, an-1 Snrg, Reporter, 1800. , 

'Winkler: Bril. Jletl. Jour.. Aug. 22(1, 1891. 
*HomiuiiH: Bout. Med, and Surj;. Jour.. June. 181 
' AlUnghani r Brit. Mi-d. Juiir. , Apr. aOtli, 1889, 
' Cri>(t -. Lancet. Jan. 10th. 18H1I. 
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f hours of a severe injury attended in two of the cases 
■ by fracture of the skull. In these cases the surgical 
condition indicated trephining, and in all of them the 
I necessity of relieving cerebral compression and of ar- 
resting the increasing paralysis led to the opening of the 
dura and to the extraction nf clots which were found. 
In all of these cases the symptoms gradually subsided 
and the patients made a good recovery not only from, 
the operation but also from the cerebral symptoms. 

In cases recorded by Duret," Brewer and Carson,' 
Mouisset, ' and Armstrong, * the cerebral symptoms had 
developed after injuries, but had come on slowly and 
had not been associated with any fracture of the skull. 
In these cases an operation was not performed until 
several weeks subsequently to the injury. In all of 
ihem the operation was guided by the symptoms of 
paralysis or of aphasia, and ia all of them the clot 
was found, removed, and the fiatient recovered. 

A somewhat similar case is the following, which was 
published by Dr. McBumey and myself two years ago : ' 



Case XVIII. Traumatic hemorrhage from a vein of 
the jjia niater^CompressioH of Broca's convo- 
lution and of the .sensoH-molor area of the cortex 
— Aphasia — Partial right hemiplegia and hemian- 
{Esthenia — Trephining— Rpmoval of riot — Recovery. 
History. — A physician, aged 40, was^ thrown frora hia 

carriage on August ITth, ISSil. He was slightly stunned 

' Duret ; Ia Semaine MMicaJp. Apr., 1891 

' Brewer and Carson: Amer. Jour. Meil. Sci., Feb., I8fl2, 

' Mauisijel; - Lyon MMictil, 188&. p, 204. 

' AnnsUoag : Jour. Amer. Med. Aflsoc.. 1891. 

'Brain, ParlLV.. p. 254 
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Iig: tbe Edl, bot had DO wtxnid. and was able to belp bis wife, 
wbo appeared to be iajimd, to raacfa borne. For several 
bouis be ncc M c d to fae w iB ei uig maety from Incises, and 
was aUe daring dw aftemoaa to fxaiTCTse with a patient and 
to adminif«T a hypcdennic inintkn. In the course of 
the ev«um^, however, be became delirious. th«i stupid, 
and for the following three davs he lav in a semi-comatose 
ooodition. On the nMming afto- the injary he was found 
to be cumpfetelr bcm^ilegic cd dte rigfat side and aphasic. 
When, after a w«ek, bis cnnscioaBiess bad fully ivturoed, 
it ap(w«red that the aphasia w^as paiviy motor, as be could 
uttderstand what was said to him and routd read. The 
bnnipW^ia was attimded by a partial anasthesia, the 
paialyaed Umb^ felt nomh. w^k leas sensitive to touch and 
to pain, but acutely sensitive to cotd and to heat. In this 
(voditii-Mi he rpmaiited until December, when be was 
hivHighl to New Ytut and admitted to Roosevelt Hospital, 
wbeiv be «t»s sw« by us. 

£lniiNiNUfM>M. — The patient, a Urge man. was unable 
t»> say anything, even ~ yes" or ~ no," the vowel sounds 
bei«s ibe *«nly souods produced by effort. He evidently 
undor>ti.v«l ^^uesri^ms.. and an»«ip*«l to reply by gestures 
and by trying lo write n-ith hi? left hand. It was noticed, 
h.mvv\T. ilwt be was mentally dufl. so that the result of 
trt^ts tif mus«,*»iUr sense weit- not satisfactory, though he 
*\«Id h.> t»'<*i»M Uv tactile and pain eenaes, which were 
UniM t«> Iv im|«iiv*l .w the paralyaed side. He was 
.-nhii^tuUIv un^taW.-. lauahint: tw iwanlity and at times 
appxnrinj: to Iv miK-h ilep*w*«l- (.►phthalmoscopical ap- 
I>(Vinn>«w w.'rt' ih-mwl. Sijrfit and hearing were normal. 
The richi h<-i«ii»Uvw "^* l«mal- He couW turn his eyes 
in M ain>ti*^s. U» t>^iU n^^ turn his head to the righf 
Uis U'll |Hipii WTt* »>e,-thini Linter than the right pc 
Wit K^h ft'rtt'trtl nr>nn.-UIr. His face was slightly f 
tilt {«n*l;-ji.x!. «ihi hi-i i*<ijn.»e protnide^ 
nfin H^^s ahUv'W Tt*\llv pctralywd. t' 
IV U-ing a slight ahductknj 
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could be movetl a little at the bip and knee, and when held 
up by two persons he c .uld drag the leg forward a little, 
but could not stand alone. The hand was tiexed and 
pronated, the leg was extended; both wei-e very rigid; 
and all the deep reflexes were greatly exaggerated, so that 
wrist and finger clonus, as well as patella and ankle clonus, 
were easily produced. He controlled hia sphiucters per- 
fectly. There were no scars upon the head. 

Diagnosis. — It seemed probable that as a result of the 
fall there had been a rupture of a small vessel, from which 
very slow hemorrhage had taken place; the vessel was 
thought to be a vein rather than an artery, because of the 
very slow development of the symptoms. The situation 
of the clot was thought to be upon the Burfat'o and not 
within the left hemi.sphere, and it was located upon the 
posterior part of the third frontal convolution and over the 
anterior central convolution in its middle third, as shown 
in the diagram. A flat clot in such a situation might fail 
too compress the face area, and could produce an abso- 
lutely total motor aphasia ; while a sub-cortical or cap- 
sular clot could hardly province total permanent motor 
aphasia antl paralj-sis of the arm without producing pa- 
ralysis of the face and tongue. On the strength of this 
diagnosis it was thought best to operate. 

Operation. — ^Ou DEscember 13th, 18S!!, Dr. McBumey 
trephined the skull. The trephiue was applied at a 
]K)int one inch and seveu-eigliths behind and seven- 
eighths of an inch above the external angular process of 
the frontal bone, and the opening was then enlarged by 
the rongeur forceps upward and backward, the dnra being 
laid bare over an ovale area three by two inches. The 
dura did not pulsate. On opening the dura the pia was 
found to be very cedematjuis and discolored, and the sur- 
face of the brain was separated from the dura by a space 
-** >>8lf an inch in depth and did not pulsate. The clot 
lying beneath the ]>ia ujxm the posterior part of 
ntal convolution, and extending over the an- 
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terior central convolution in a thin layer (marked in lines 
on Fig. 4'.t) into the fissure of Rolando, which waa 
filled with a larger clot lying in the situation shown in the 
dia^am, and extending downward so as to fill up and 
distend greatly the ciil-de-sac at the lower end of the fis- 
sure. The clot had not covered the lower third of the an- 
terior central convolution and had not reached the upper 
quarter of the hssure cf Rolando The brain at a dia- 
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tancp of an mth iLoiit it ipjie^red to he healths and pul- 
sated, but tliL I irtH of thL rtex <n whith the clot lay 
were pulstle •< lud btunied a ^ ellow ith re 1 4fter the pia 
had Iieeii inci'^cd the clot was reniJ>M.d littk bj little by 
fine SIM n^es— it lea t i drichm if \mTi\\ org-inized clot 
being taken nut of the fiss^ure nf Rolando. The retraction 
of the brain from the skull waa even more evident when 
the operation was complete. The operation was done 
iinder strict aseptic precautions, and was not followed by 
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any rise of temperature. The wound v-'aa dressed in the 
open methotl, being packed with gauze and drainage 
tubes being inserted. On renewing the dressings three 
days subsequently to the operation it was found that the 
entire surface of the brain was pulsating normally, and 
that the brain surface presented a normal color and ap- 
pearance. After a iveek the drainage tubes were removed, 
and after three weeks the wound had entirely healed, the 
level of the scalp at the bottom of the cavity being an inch 
below the normal level. 
Besult,~~On the evening of tlie day of operation the 




patient said yes and no for the first time ainee the injury, 
and since that time his recovery of speech and of power 
has been progressive. After a few days it was noticed 
that he was mueli more iutelligent and no longer emo- 
tional. Power in his leg beyaii to increase very soon, and 
two months after the operation he was able to walk with a 
cane. The return of speech was slow and continuous, and 
it appeared as if be were learning a new language. He 
repeated words after another until he had learned them. 
He talked in monosyllablt's for the first three months, 
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then he began to put two wortls t<igether, and then used 
short sentencps of tliree or four words. At the presient 
time, three years after the operation, he is practising 
medicine in his native town, is able to walk without a 
cane, can name at once anj' object shown him, but in talk- 
ing uses only a few wonls at a time, not si>eaking fluently 
writes with his left hand, and were it not for the loss of 
power in the right hand might be considered fairly well. 
The paralysis of the right hand remains, and wnth it a 
marked diminution of tactile and pain senses, two points 
being felt as one when 2 cm. apart on the tips of the fin- 
gers. The muscular and temperature senses are perfect. 
He can move the arm and forearm in all directions wdth 
much force and can supinate the hand, but movements 
below the wrist are very slight, the fingers being flexed 
anil rigid. The reflexes are much less exaggerated than 
befoi-e the operation, clonus not being elicited exceptin^^ 
at the ankle ; the head can be turned in any direction, antl 
the pupils are equal. 

Stanley Boyd reports the following case in the 
Clinical Societ3''9 Transactions for 1P!*5, p. 15T: 

M. J. L., male, 40, fell from a horse March 3l8t, 1891, 
was stunned, but walked upstairs and went to bed ; was 
dazed ; hiid swelling over left side of head, but no scalp 
wound. Had some pain in head for two weeks, when he 
was able to get up and go to work. On June ISth head- 
ache began again and right hand beciune clumsy. Juno 
i'id he was dull, confused, silly, and memory was bad, had 
paralysis of right hand and right leg was weak. The 
right hemiplegia increased and he became comatose and 
had fever. 

He was trephined on June 23th, lS!i3, on the left aide 
over the arm centre. On dividing the dura a cyst was 
seen, and when incised, four oimces dark red clear fluid 
escaped. This was drained. He was delirious for nine 
days, but gi-adually improved and was discharged from 
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the hot^pibil AiigUHt 15tb quite well. He bad remained 
in perfect health up to May, 1892, when the report was 



The cases cited are Bufficient to demonstrate the 
possibility of trephining for cerebral hemorrhage. ' In 
traumatic cases where there is a liistory of punctured 
wound, or of a fracture of the skull, or of a severe 
fall upon the head, the development of symptoms of 
compression together with local symptoms of uni- 
lateral paralysis leaves little doubt in regard to the 
diagnosis. Hemorrhage upon the surface of the brain 
subsequently to injuries is usually due to a rupture nf 
one of the veins in the pia mater; the hemorrhage 
occurs slowly, the clot siireading itself out beneath the 
pia or upon it in a broad thin layer; the blood settles 
in the depths of the fissures sei>arating their sides, 
producing pressure ujKin the brain adjacent and be- 
neath it. Such pressure developing gi-adually is some- 
times sufficiently irritating to give rise to spasms or 
localized convulsions, and it is usually enough to arrest 
the functions of the cortex and produce paralysis if 
the clot lies in the motor region, or aphasia if it lies 
in the aphasic regions, or hemianopsia if it lies in the 
visual area. The gradual onset of these symptoms is 
a strong indication of the occurrence of a surface 
hemorrhage. The general symptoms of compression 
of the brain must l>e associated with these local sj-mji- 

' Lamphear lias trephiDeJ fi>rcerebral liemorrhaRe, The history 
ie, however, bxi ini|icrfi'i't .inrl the reiM>rt maiie t^m soou artor tile 
operation Ut warraut its repriiductiou litre. Htm Aiiier. Jour, of 
Burg, ami Uyu. , Jan. , ISti'i. 
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toms in order to establish the diagnosis. Such symp- 
toms are a condition of stujxjr which gradually deepens 
into coma with stertorous breathing, a slow and some- 
times irregular pulse, a rise of temperature to 101° to 
103°. Suppression of urine and polyuria have both 
been observed, and an appearance of albumen or sugar 
in the urine is not infrequent; vomiting occurs if the 
patients are not deeply comatose. Irregularity of the 
pupils with dilatation on the side of compression has 
been noticed. 

Extra-Dural vs. Intra-Dnral Hemorrhage. 

In any case of injury of the head, either with or 
without a fracture of the cranial bones, followed at 
once by marked cerebral symptoms, the question will 
arise whether the hemorrhage which is jirobably caus- 
ing the symi)toms is extra-dural or intra-dural. This 
question it is often very difficult and sometimes im- 
possible to decide. Extra-dural hemorrhage is almost 
uniformly from the middle meningeal artery, but 
intra-dural hemorrhage may occur at any part of the 
brain surface. The question will only have to be de- 
cided, then, in those cases which present symptoms of 
paralysis — for hemorrhage from the middle meningeal 
causes pre-ssure whose greatest intensity is over the 
central convolutions, and quite uniformly produces 
hemiplegia. The sjonptoms of middle meningeal hem- 
orrhage have been most completely analyzed and de- 
scribed by Jacobson in Guy's Hospital Eeports for 
1S86, the conclusions lieing baaed on a study of 78 
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cases. Jacolwon calls attention to the fact that the 
violence causing a nipture of the middle meningeal 
artery is often sliglit and insufficient to produce a 
fracture. He mentions the following symptoms of 
such a hemorrhage in the oi-der of their value : 

There is usually an interval of lucidity or conscious- 
ness between the concussion and the appearance of 
pressure symptoms, such as somnolence, stupor, and 
coma. This interval may be only an hour, hut it may 
be even ten days. A long inter\'al would be much 
less likely to occur in intra-dnral hemorrhage. 

Hemiplegia occurs on the sid e opjxisite to the injury, 
face, arm, and leg being usually affected, but the leg 
to a much less degree than the arm, and never alone. 
This is easily understood when it is remembered that 
the leg centres lying near the vertex will not be 
greatly compressed by a clot in the region of the middle 
meningeal artery (Fig. 5l)). There is no particular rea- 
son wliy an intra-dural clot should not involve the leg 
as well as the arm or should not affect it alone. Con- 
vulsions rarely precede the onset of the hemiplegia 
in extra-dural hemorrhage, but are not infrequent in 
intra-dural hemonhage, esx**'<'i'illy if that lacerates the 
lirain tissue. The pulse is slow and haul, but toward 
the close of life tiecomea very rapid in extra-dural 
clots. In intradural clots it is more likely to be rapid. 

In both conditions slow, embaiTassed, stertorous 
breathing and a rise of temiwrature may occur. 

Vomiting is more frequent in extra- than in intra- 
dural hemorrhage. Changes in the pujiils are re- 
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garcU'd iw an important Bymptom. Dilated pupils 
puint t^i cerebral pressure, and the pupil on the side of 
the iii-essure is large and often fails to react to light, 

JiieobHi.ui holds that the inequality is less marked in 




uttn■^t^t^)t iH-niv>iTtu^:v, but th»> :i«fttMueiit » ofca ta. 
the ciot ^ tvi tb« WA $wk iehtiCTUw^ as «ximsMB tar- 
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ward. The same would be tnie in intra-tliiral hemor- 
rhage, though there aphasia wuuld be more likely to 
occur alone without hemiplegia. This is easily evi- 
dent by reference to Fig. oik 

Disorders of the control of the sphincters and auta- 
matic movements are the last symptoms to be men- 
tioned by Jacobson, 

It is evident from this review that it may be exceed- 
ingly difficult to differentiate extra- from intra-dural 
hemorrhage. If, however, a diagnosiij of a hemor- 
rhage compressing the convexity of the brain is made, 
and it is evident that the case is becoming serioua, it 
is usually advisable to trephine, and if tlie clot is not 
found outside the dura to seek it within. 

There are some cases of traumatism of the head 
which are followed by general signs of compression, 
but in which there are no local symptoms such as pa- 
ralysis or loss of 9ensatif)n or aphasia to afford a guide 
to the surgeon. Where such local sjTnptoms fail and 
where the original injury has left so little trace as not 
to point the way to an operation, trephining is ven- 
turesome, for the chances are by no means good of 
finding the dot. 

When such local and general syni|)toms itf (.■imijjres- 
aion develop, it is safe and pi'oper liefore undertaking 
an operation to watch the patient for at least a week, 
being ready, however, to act promptly if the situation 
becomes alarming. The delay in the removal of the 
clot is not likely to do any permanent injury, and it is 
not at all impossible for the hemorrhage to cease 
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spontaneously or for a small clot to be comi>letely 
absorbed. Thus, in a case recently under my observa- 
tion, the patient, who had a severe fall without ap- 
parent cranial injury, lay for three days in a state of 
coma with left hemiplegia, then recovered conscious- 
ness, but for the following three days was entirely un- 
able to speak, though able to understand what was 
said to him, and had continual rhythmical movements 
of a restless character in his right limbs, but never- 
theless appeared to be gradually improving in liis 
general sj-mptoms. The left hemiplegia indicated a 
clot upon the right hemisphere, and the right-sided 
movements with aphasia indicated a clot upon the left 
hemisphere." Operation was jxistponed from day to 
(lay as his symptoms gi'adually diminished in their 
intensity and eoverity, and it was finally abandoned. 
He made a gcxnl recovery and at the eud of two 
montlis was out and about, jicrfectly able to talk and 
to coutrol the movement of all his limbs. In a case of 
this character it is proltable that small clots were ab- 
sorbed from both hemispheres, leaving little or no ap- 
parent effects. 

Noit-Trauiimiic Hemorrhage. 

In very few cases lias trephining for the removal of 
clots been jjerformed when the hemorrhage was not 
of traumatic origin. 

' EhinD. Jour. Amer. Metl. Absoc., 1^*0. p, 75, lius recorded a 
cast' iu whicli regularly recurring rli.vlhniical luoveniente of the 
Ipft aide of the bodv werv produced by a large, thin surface clot on 
tJie right hem i sphere. 
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Lucas Championniere ' describes the case of a raan 
who after a sudden stroke of apoplexy remained par- 
alyzed upon the right side, the right arm being the 
limb which was chiefly affected and which was con- 
tractured, the right leg sharing in the paralysis but 
not being so severely involved. This patient had de- 
veloped epilepsy sxibsequently to his stroke of apoplexy 
and his attacks were largely in the paralyzed limbs. 
He was trephined over the middle of the motor area, 
and an encysted clot was found lying just in front of 
the fissure of Rolando in the middle third of the an- 
terior central convolution, and was removed. The 
next day the hand was no longer contractured, and 
when he was allowed to get up out of bed after the 
healing of the wound, he was found to be able to walk 
with more ease. One slight convulsion occurred two 
months after the operation, but at the time of the 
report of the case, six months after the operation, the 
paralysis had nearly passed away and no more con- 
vulsions had occurred. 

Michaux ' also reports a case of sjrontaneous hemor- 
rhage, not traumatic in origin and successfully located 
and removed. This patient was suddenly taken with 
an apoplectic attack, his right arm and leg being com- 
pletely paralyzed; the left face was also affected, he 
became comatose and had convulsions for three days 
and was evidently moribund. When Michaux oper- 
ated, three trephine openings were made over the fis- 

' Brit. Med. Jour-, Slay 17th, 1890. 
' LaSemaine lied.. Apr. 1st, 1891. 
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sure of Rolando upon the left side and several ounces 
of clotted bJoud were removed. He gradually recov- 
ered consciousness, and at the time of the report, five 
months after the operation, he liad practically recov- 
ered, though there was still a perceptible weakness in 
his right arm and he had some difficulty with his 
speech. 

In the following case, which I saw with Dr. R. F. 
Weir, the oi>eration was undertaken without a posi- 
tive diagnosis, but with the hope of finding a clot. 
The history shows the result : 

Case XIX. Opening the skull for removal of a clot. — 
Ari-a nf softening found. 

F. J. E.. male, nged 40, had general convulsions 
ill April, ISlll, without known cause. This was fol- 
lo^vetl liy a slight degree of motor aphasia. Three days 
later lie had a second fit, after which he was almost com- 
jJetely aphasic and liad a slight paralysis of his riglit face 
and right arm. The paralysis gradually increased, so 
that by the end of a week bi.s right leg was also slightly 
paretic. From that time until the present he has had a 
]wtrti:il right hemiplegia with motor aphasia and agraphia. 
He has had repeated convulsions ever since he was first 
taken ill; the convulsions always begin by a tingling in 
the right hand and arm. Opiithalmoscopic examination 
showed (he lef I optic diacratber pale and the vessels smaller 
than on the right side. The man bad not suffered from 
headache or any general symptoms of brain tumor, but a 
I<iud bruit was heard over the left tern [Riro- parietal region. 

The diagnosis in this case was somewhat obscure. It 
was thought possible that tlie original tniuble might have 
been a hemorrhage on the cortex, and that an ojwratiou 
might remove an old clot and thus relieve lx)th the paral- 
ysis and the convulsions, hut the existence of the bruit led 
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to the suspicion of an aneurism of the middle cerebral 
arterj- lying within the fissure of Sylvius. The operation 
was therefore an exploratorj- one and was bo stated to the 
patient. 

Operation.— On October 28th, 18!)2, Dr. Weir opened 
the skull at the New York Hospital, using Horsley's rotary 
electrical saw and removing a square piece of bone about 
two and one-half inches in each direction. A thin metallic 




Diagram of thn OpeniOK In the Skull In Cage XIX. 



flat instniment, devised by Dr. Weir for the purpose, was 
passed through a small trephine opening and separated the 
dura from the bone, at the same time acting to protect the 
dura from the edge of tlie saw as it was carried along 
the various lines of incision. Tlie operation of ojioning 
the skull in this manner was found to be more rapid than 
that of ordinary- trephining. When the dura was divided 
and laid back the pia was founil to lie exceedingly unlema- 
tims; when by pressure the Merum had left the pia it was evi- 




dent that the brain in the region of the third frontal convolu- 
tion and the lower half of the anterior central convolution 
had au abnormal appearance ; it was shrunken, flat on the 
surface, and yellow; it was soft to the touch; there was 
no clot over it, and there was no aneurism. It was evi- 
dent that the condition present was one of cerebral soften- 
ing, probably due to thrombosis; it was also evident that 
nothing could bo done to remedy this condition ; the wound 
was therefore closed, the plate of bone being replaced. 
Thia plate of bone had to be removed after two weeks, as 
it hiid not united to the skull; Hubsequentlj- the scalp 
wound healed kindly and the patient was discharged from 
the hospital, nnimproveil, at the end of a month; during 
that month he had two fits in the hospital. 

In this case, therefore, the operation was entirely 
uii.siui-cs.'iful and the diagnosis of probable cerebral 
lu'inorrliage wiia incorrect. The case illustrates the 
difficulties attendant upon the diagnosis of cortical 
hemorrhage and also the safety of an exploratory 
ojreration, even when such an operation is very ex- 
tensive. 

Ison-traiunatic hemoiTliages in the brain are very 
w.'ldom oi)en to au (iperation. The very large majority 
of sudden apoplexies mv due to hemorrhages within 
the sulwtance of the brain, or to emlxilismor thrombo- 
sis of lar^e arteries. It is very rarely jxjssible at the 
lie*lside to make an at;curate diagnosis between cere- 
bral hemorrhage ;ind thrombosis or embolism, and in 
spite of the many points of differential diagnosis laid 
down in the books the question is always an open one 
in the presence of any patient. There ai-e a few cases in 
wliich the history seems to pfjint clearly to a surface 
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and not to a central clot. It is to be remembered that 
the motor centres in the cortex occupy a large area, 
and a clot forming upon the surface has its maximum 
of intensity over a small area, and therefore such a 
clot produces a greater paralysis in the one limb than 
in the others ; and as it increases in size the paralysis 
extends from the point of gi-eatest intensity to other 
parts of the Ixxly rather slowly. Such paralysis is 
usually attende<l by some disturbance of tactile sensa- 
tion, and this is greater in the limb chiefly paralyzed 
than in the other limbs. A spastic contracture ap- 
jiears very s(X)n at'tei" the onset of the paralysis in the 
limb most intensely involved, and a progressive aphasia 
either of motor or of sensory kind is almost inevitable 
if the clot lies upon the left hemisphere of the brain. 
The stujior is deei>er and more continuous in a sur- 
face hemorrhage than in others, and if the brain cortex 
is lacerated by ;i clot, unilateral H])asms may follow 
the apoplexy. 

In a few cases of ajMiplexy such a history will point 
the way to surgical interference, but it must be con- 
fessed that in all cases of spontaneous hemorrhage in 
the brain surgical interference is purely exploratory. 
The period has not yet come, and it is questionable 
whether it ever will come, when the diagnosis of a 
surface clot can be m;(de with such precision as to 
warrant immediate trephining in apoplexy. 

When a hemorrhage has occurred within the cere- 
bral hemisphere, lacerating the tracts and destroying 
tissue, operation is out of the ijuestion; for tissue once 
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destroyed in the brain is not repaired by nature, and 
an attempt to remove a deep clot would result in the 
production by the surgeon of further laceration and 
serious hemorrhage. No one who has had any experi- 
ence in controlling the hemorrhage which arises from 
incision of the pia and cortex would advise deep inci- 
sions into the brain. 



CHAPTER V. 

TREPHINING FOR A2SCESS OF THE BRAIN. 

The Surgical Treatment iif Brain Abscess. Tlie Varieties of Brain 
Abaceaa. (I) Trauiuati<; AbiiceHsee. Surgiral ladicatioiis for 
Trephining, General and Local. Report of Cases. (3) Abscesses 
Secondary to Ear Disease. Symptoms. Differential Diagnosis 
between Abscess, MeniDgitis. and SIduh TtiroiiibotiiH. The Sit- 
uation Cor Trephiaing after Ear Disease, Illustrative Casee. 
ConclusioDB, 

Abscesses of the brain had been opened and drained 
by surgeons for many years prior to the beginning of 
modem brain surgery. It had long been known that 
abscesses of the brain develop subsetiuently to cranial 
wounds and fractures, and where these fractures were 
compound and comminuted it not infrequently hap- 
pened that an abscess would present at the external 
wound and be opened and drained by the surgeon. 
Sometimes exploratory incisions were made when such 
an abscess was suspected. 

Dupuytren and Detmold opened deep abscesses in 
the brain prior to Is.'iO, and surgical journals contain 
many records of a similar nature from that time to 
the present. Manj' interesting facts bearing upon the 
doctrine of localization of brain functions may be 
gathered from the history of these surgical cases. 
Thus Hitzig records ' a traumatic brain abscess accu- 

"Arch. fOrPHjcli-, iii. 
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Iwir rinnljiidiH; ( 1 ) HH th« fcHiilt of injury to the head 
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ao rare and so manifestly removed from Hurgical treat- 
ment that we may disregard them. ' 

Pathological Appearances. 

An abscess in the brain may present one of two very 
distinct and separate pathological appearances. It 
may be, first, a collection of pus within an irregular 
cavity without any distinct wall, hut surrounded by a 
more or less pulpy broken-down and hemorrhagic area 
of brain tissue. The pus is usually green or brown 
and fetid. Such abscesses advance with great rapidity 
and rapidly lead to a fatal termination. This is clearly 
different from yellow softening of the brain, which is 
the result of necrosis following embolism and throm- 
bosis; though yellow softening was for a time con- 
founde<l by pathologists with brain abscess. Such an 
abscess requires prompt surgical treatment. 

The second form under which abscess presents itself 
is a collection of pus iuclose<l in a thick connective- 
tissue capsule lying within the white matter of the 
brain and quite distinct from the brain tissue. This 
form occasionally shows a tendency to progress rap- 
idly, but usually it lies in the brain like a foreign 
body and does not increase in size. Such an encap- 
sulated abscess may remain in the brain for mtmy 
years, may give rise to no symptoms whatever, and 

' In Sajou'B Annual from 1888 to 1893 inclusive there are reciinls 
of MabBceesesof the brain which have i»een operated iijHin, Of Iheae 
28 occurred after injuries. 24 after car dispiwe. ami :i ttftt'r typhnid 
fever : 34 recovered, 21 died. A)j^ew in 1881 col]ecte<i recurdsi of Id 
absL«sees of tlie bruiu. all of ivliich litid t4,-rminattHl fulully. 
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luay he a surprisw to the pathologist at the autopsy. 
It ia undoubtedly the sequel of an acute abscesa 
which for some unknown reason has ceased to pro- 
gi-ess. Nature provides for the disposal of the pus by 
shutting it up within a thick wall, and if it lies as it 
usually does in the temporo-sphenoidal or frontal lobes 
of the brain or in one hemisphere of the cerebellum, 
regions, as we have already seen, whose function is un- 
known, no a)-mptoras will be produced. Such a ]>atient 
lives, however, in constant peril, and many sudden 
deaths of unexplained nature are due to the sudden 
rupture of such an aliscess into the ventricle or upon 
the surface. 

Occasionally some imknown cause starts up a series 
of ct'veltral symptoms in the person who has carried 
sucli an aliscess in bis bea<l for years, and then this 
aliwess increases in size and surgical aid may be re- 
quii'iil. The existence of a thick wall does not pre- 
clude the jKissibility that an abscess is in procees of 
rapid extension. 

It thus iipiJears that the surgeon maybecalled upon 
to trephine in brain abscess under two very dissimilar 
conditions: ^H after a leceut injury when cerebral 
symptoms apj>ear early and progress rapidly. {-2) in a 
patient with serious cerebral symptoms of an obscure 
character developing years after an injury or after an 
acute or chronic iullauimatiou in the eye, nose, or 
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Absceaii foUowiuy Injury. 

In the first class of cases the surgeon will be guided 
partly by the site of the original injury, partly by the 
evident development of serious symptoms of brain 
compression following upon that injury, and i)artly by 
the facts shown by the lix;al symptoms developed. 

In some cases the symptoms of abscess after an 
injury are clear. Thus in the well-known case of 
Fenger, ' where an abscess developed after a pistol-shot 
wound in the eye and the lodgment of the bullet in 
the frontal lobe, the exploration of the wound led to 
the discovery of the abscess, which was apparently 
evacuated and healed. Some months later while going 
about the patient suddenly fainted, and subsequently 
developed serious cerebral symptoms. Fenger tre- 
phined the frontal hone, found an abscess two and 
one-half inches deep in the frontal lobe, and drained it 
successfully. The patient made a good recovery. 

In other cases theie are local symptoms in addition 
to the purely surgical indications to guide the surgeon. 

Thus Elcan ' relates the case of a little hoy who suf- 
fered from a compound comminuted fracture of the 
left frontal bone from which brain matter was ex- 
pressed. After a few days hemiplegia and aphasia 
developed and the boy became comatose. The frac- 
ture was laid bare and the hone elevated and portions 
removed. A hernia cerebri ensued and the symptoms 

' Amer. Jour. Med. Sci. , July. 1S84. 

' Amer. Jour. Med. Hci., April, 1S80. j 
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Ill" ii[»lia>*in and ht^miplegia remained, though his cou- 
Kt'ioUfinL'88 was clear. Four days later the wound was 
uff'^'ii examined, and during its maniptilatioa eight 
ouHfCtf of pus were suddenly evacuated from an ab- 
HceHH whii'li unexpectedly broke. Subsequently the 
Aphasia luid {taralysis subsided, the wound healed, and 
tho lH»y retHiveretl. 

Stimson ' oi)ened and drained an abscess in the pos- 
terior tvntral t-ouvolution in the wrist centre about 
six \vt«eks after the occurrence of a fracture above the 
rijiht t'iir. The ivitient had recovered from the frac- 
turo, but fawl n^uiaiue^l in a state of dull listlessneHB 
with «<even' and iMtistiuit headache and a constant 
Unuivr«iur»* of aK^ut w*\ Fiv«u the time of tbe in- 
jur>' tht> U'ft wrist anit tin^r^ had bem paralraed. 
hi Ihis cas^- then Xht* fnKtuiv. tbr cvretval symfboata, 
aihl tito tvautifuUv W-alxK\l par»lv!^ milli n g in 
tlto loft wrtsi Ail t\>u)ie«i lo a cvretval ^scchb hnq; m 
lth> u\)>.Mle t^ ibe UK>«Y Pn:x<s <>f the n^t hoBi- 
»i<)hYt* 1l ts utH surpn^is^ u^-^t ihal theafeBmeft 

Sw*i. a ■■■tJ.-i Tw\' TtKo.-^ A:f>fV cue itymj % 
•^ta. i-ow >• 'i^ri-iiss TV »sma iiac r« 
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headache, numbness, and weakness of the left arm and 
leg, which gradually increased, and from great mental 
dulness and apathy. When admitted to Bellevue he 
was somnolent, had temperature of 100°, pulse 10(1, 
left hemiplegia and left hemianopsia with choked discs 
and severe headache. He was trephined first over the 
parietal lobe of the right side, and then at the jjoint 
of injury on the left side, but nothing was found by 
pimcture of the brain. At the autopsy the abscess 
was discovered in the right occipital lobe. In this 
case it was impossible to determine whether the hemi- 
anopsia preceded or followed the hemiplegia, and 
some reliance was placed ujTOn the surgical injury as 
a guide, though it was evideutlj- on the side opposite 
to the hemisphere really affected. Had it been cer- 
tain that the hemianoi)sia was the first local symptom 
to develop, the trephining would have been done over 
the occipital lobe and the abscess would have been 
found. 

Wernicke and Halm ' have successfully located and 
drained an occipital abscess, being led to the diagnosis 
by the existence of hemianopsia. 

The following case illustrates the history of trau- 
matic abscess of the brain. 

Case XX. Truitmatk abscess of the Brain. Trephin- 
ing — Death. 
I saw with Dr. Poor© at St. Mary's Htspital, in 

1888, a little girl whu soon after a fall on the left parietal 

bone with wound of the scalp developed cerebral sjTnp- 

' Weruicke, Virohow'sAreh., Bil. 87, 5, 335. 




Umm. For two weeks tb«e aM.eared to be chiefly of a 
general nature; then she developed right hemipWia with 
much low, of sensation in the paralyzed limbs, and Uiough 
Um. young and stupid to answer questions, it seemed tS.t 
thflre wa« also a right hemianopsia. These s^Toptoms in- 
Cffinsed in degree and the stupor passed into coma The 
child WBH then trephined by Dr. Poore; the middle of the 
purietal bone being selected just p(«terior to the fissure of 
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Huhnul.i. On i>xi>ix«iiig the brain there was no evideDco 
i>l moninjiitis, nml thf itirtex apjieared to be normal thou^ 
Kvliiig sunicwhiil svfl to the touch. As the child showed 
sijius I'f sUix-k the ojwnition w,ts not carried further and 
llw wound >viis cUvsKsl, Tile child lived two wedcs and 
then .licfl. Tin' ;iiiii>i>py shon\>>1 the existence of an enot^ 
inv«is nliti»\vts mvupyini; the eniin* jwrietal and ocnpatal 
lolx-s ami exnnidinj; dviwnwnTvi into ihe t^ufKosl lobe in 
tth' whito uwtter tit kast an incli bek>w the conex, and 
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containing eight ounces of thick green pus contained 
in ii capsule nearly one-fourth of an inch in thickness. 
This capsule would doubtless have been presses! inwani and 
not punctured by a needle, had aspiration been attempted 
and the pus was too thick to have been drawn into any 
syringe. 

The appearance of the brain containing this aliscess 
is shown in Fig, 5a, 
It would be easy to cite many cases of this nature 
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where surgical indications and medical symptoms 
both point to an immediate injury and a growing 
abscess in the brain. In these cases the modern sur- 
geon is led to the diagnosis as much by his knowledpjc 
of surgery as by his knowledge of localization. From 
the medical standjx>int, these cases require no further 
comment. 




Abscess follotriiiy Ear Disease. 



Another clasj of abscesses, either acute in their 
onset or of long standing, ai*e those which develop in 
couuectioii with or subsequent to otitis media. These 
alwcesses fonn as the result of direct infection carried 
to the brain from the middle ear. 

Ktiruei" ' has shown that they occur with much 
greater frequency on the right side. Barr" in a col- 
lection of 7ti such abscesses found 55 in the tempopo- 
spheiioidal lobe, i:i in one cerebellar hemisphere, '2 in 
the iMi»n, and I in the crus. Poulsen ' tabulates 13 
alwcesses, of which !» were in the temporal lobe and 4 
in the cerebellum. 

There are no local symptoms produced by abscesses 
ill n»' ti'iiijHiro-sphenoidal lobe that we can recognize 
uiili'^s \\)v abwcess grows to such a point as to invade 
lite wciiiiil or first tenii«iral convolution on the left 
siile, when sensory aphasia develops. There are uo 
local sym|iti>Mis jn-oduced by abscess in one hemisphere 
of the cerebellum unless the abscess grows to the point 
of invading the midille lol)e or the peduncle upon the 
base, when stag;,'('niig begins. Thus it is evident tbat 
ill a very large inajonty of the cases of brain abscess 
ilevi'lopiug after ear disease the diagnosis must be 
based entirely uim»u general cerebral symptoms and 
not uixiu any local signs. These general symptoms 

' Zeitwhr, t. Olirenlieilk. . IM. xvj., p. 313. 
' Brit. Mfil. Jour. 1S87. »,, 723. 
•Arch, of Otol,. July, I8(t2, p. 346. 
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in the order of their importance are : (1) headache, 
usually general, occasionally worse on the side of the 
ahscess; (2) mental irritability and mental dulness 
with slowneaa of thought, imperfect attention and 
memory, and occasionally delirium ; (3) prostration, 
stupor, and apjiearance of illness wholly out of the pro- 
portion to the other symptoms ; (4) temi)erature occa- 
sioiially subnormal, showing little variation, rarely 
high and usually about 9y°, and a pulse which is slow 
and sometimes intermittent; (5) tenderness of the 
head to percussion, and an elevation of temperature 
over the side of the head on which the abscess lies ; 
(»!) chilly sensations and even an twcasional chill ; (T) 
disorder of the entire digestive system, nausea, vomit- 
ing, and constipation ; (^>) facial paralysis of the x>eriph- 
eral type on the side affected. (St) Optic neuritis may 
appear but is not a constant or even a frequent sjinp- 
tom Consciousness is usually ])reserved, but the pa- 
tient appears stupi<l, and as the abscess increases the 
8tui)or may deepen into coma and j^eneral ronvulsinns 
not infrequently occur. 

When such cerehi^al syni]»toms develop either after 
acute otitis media or subsequently to an old, long- 
standing, chronic otitis media (the latter is more often 
the case) , the question to decide is whether the patient 
is suffering from cerebral aljscess, or from meningitis, 
or from thi-omlxisis of the lateral sinus. The lelative 
frequency of these three conditions after chronic otitis 
media is abf)ut the same. Thus in 3fi cases recorded 
by Poulsen of cerebral c(jmplications of ear disease. 



Umu, 19 fif niBMngiti&. and 1 of benioiTbaeic meo- 
ingitk. 

In meautiptmtitKKemnBaaiij umannpdooset and 
irftgnms ot Uie sjnqitam* t^ian in braia atooeas. lo 
lUHJUitfitw the headadw » anoctated with hypenes- 
Oumin Vj BTXind and li^t aod tcnt^ all m-er tbe lody, 
feyiiiptoUM usuallr abHeot in ORTpbral afascesE. In 
limiUnfitUi the tfinperature » fai^ and tJba jmlsp is 
rn\M, irregular, and iotennittent. In meningitis there 
(ii-u ijfi-tuiu>nii\ ti\Kuiina aud coovalsions : sbvhisinas 
tij(]H>nrH Hiiil triKiiiuH Ui (Tmimon; and pain and rigidity 
ftlidiK tim iim-k are complained of as tbe disease ad- 
viiiii'iHi. TliuH there are namenras |ioiDts which dis- 
lllitfiiloli llt« two (liMeaees from one another. 

Nlitiia IhrutnlxMiH h:ut also Dumerous points of differ- 
itlltliitjiiii Cl'Hiii i-i'rii|>nilalj»ic«>ti8. High fever withpj'w- 
lllli' VlU'liiMnlin ill jtrt range and frequent chilis; a very 
\i\\M IMttni', nwtillltiguiiila'di'maover the mastoid pro- 
|i|UM rtH'l iinluiim uf ItiK neck, swelling along the jugu- 
IHI' vnill, wlui'li iXHiuIrt uiit h'ko a hard cord in the neck. 
^|>(|tllMiiiliili><t mill cvi'ii nwi'IIing of the conjunctiva, 
MtttI llltirlnMl ti'iiMiiH bIimU m the vessels of the scalp, 
WV «ll BVlliiilKinn ina oUnrvoil in cerebral abscess, but 
S'*rtV«»-t«"l»li.. Ml nlitiiN tlii^mlKwis. Choked disc ap- 
y^VM otuli 111 tlix .inir"t' uf the vasv, while it is often 

I iiniliill.v |>i^l|>]i< to differentiate cerebral 

11 M»' »i|il.v Iw.t othor cerebral complications 

.vy*N.> 1'* mult' iMii (liM^ihe—Hiid what is true of 
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abscess after ear disease is also true of abscess after 
disease of the nose or orbit. 

It is thus evident that cerebral abscess produces 
marked general cerebral symptoms. If to these the 
local symptoms of aphasia or of cerebellar staggering 
are added, or if the general pressure of the abscess 
affects the function of the motor and sensory region, 
causing hemiplegia and hemianfesthesia of the op- 
posite side, the situation of the abscess may be esti- 
mated with sufficient certainty to guide the surgeon 
in his search. Even when the situation is uncertain, 
it is his duty to explore. For cerebral abscess is a 
hopeless condition portending certain death, and 
some risk may be taken in an attempt to save the 
patient. 

The best spot for trephining is one and three-fourths 
of an inch above and one and one-fourth of an inch 
behind the external auditory meatus, since at this 
point the temjioro-sphenoidal lobe will be reached 
with greatest ease. ' An attempt has been made by 
some aurists t« approach the brain through the mas- 
toid cells, but this seems to me to be very bad practice, 
as the thickness of the bone is great, the position is 
too low to reach the brain, there is danger of entering 
the lateral sinus, and it is imi«9sible to lay bare a 
large region of the hrain. We have seen already that 
large openings in the skull are preferable to small 
ones, as they are less liable to be followed by hernia 
cerebri, and give the surgeon plenty of room, and 

' SeeBirmiU|j;liiim: Dublin Jour, Med. Sti.. Feb., 1891. 
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they are specially Jesii-able in trephining for oerel 
aliacess tienr the base of the hrain. for it may be 
I'Msarv to explore the brain in theae cases with a lar 
aspirating needle and subsequently to drain thi 
woss if it in found. 

Ralliuice,' in an lulmirable article on the operntiou of 
tn-iihiiiing for tin? removal of pysemic thrombi from 
the lateral sinuB, gives a figure which I here r^pro- 
duee and which Hhowa the relations of the extemi 
im'atu» to the brain, to the lateral sinus, and to 
cerehclhmi ; and the Iiest jxisitions for trophiuing 
reach the various parts (Fig. .'i4). 

It occasionally liapjienH that aliscesBes developing 
after ear disease are so superficial Lhat there is a 
marked teuilernesa of the scalp and bone over them 
but, as a rule, ahscesses lie very deep within the white 
mutter of the hrain, and to l»e reached and emptied 
the brain must lie incised. Horsley haa invented an 
exploring iiisti-univnt for this pun»He which is very 
xweful— ft cylindrical si»eculura, long and [xtinted, and 
go divided that its sides can be separated gently after 
it has heeu thrust into the brain. Even with tiuB in- 
Btmnient the wall of the abscess may be pushed <hi- 
wanl and not perforated. The pus is entirely too 
thick to be withdrawn by an ordmary lijijodermic 
syringe. When the abscess has been evacuated it 
must be washed out and drained. It usually heals 
slowly, and constant care is necessary to prevent the 
occurrence of a secondary meningitis. 

' Lnncet. Jlay Ki,), i„oo 






Fio. 51— Uitera] ispeel o 
mhons the relatlooK of tliu lateral sinus 
the pnfdtinn of the trephine opeulntc i 
neminrj- In expoBe it. Tbe b«M line (Relil's) passes [hriiiigli [he lutddlH ot the 
exIernaJ audJIory nealus and touches the lower margin of liiu orbit: it ia marked 
out la elglilh^ of an incli. as nrv alrw the perpendicular Uehs drawn from It* The 
measun-nieDts ara made alnng the bene line rmm tbe mldille o( the buny meatus. 
The draRlU); also shows Ihu coDvulutkjns ot theteniporo-iipheiiolilitl lube, the Sylvian 
flffiure. BDd the posilliHi ot the lanvr end «C the fiirroff ot Rolando Olol.). X-x IndU 
cat«a the alta of ttm teniarlmu as far as It Is In rda.tloD to the eiterual bmindary of 
thenkull. The anterior z Kliows the point where thp I^ntoHum leaves the side ofthe 
skull and Is actach»] to (he superior border oC ihe pptrrjus bone, n, Tn^hlim open- 
iD|{laeTposeslnus.flvfH'lRbthBotaninrh In diameter, its «ntre being otie ini-h he- 
hind and a r)uiirter of aii i:icb above the middle ot the bony meatus. This opening 
(-■an i^ully be enlargrnl upward and backward and downward and forwaril itvo the 
dolled lines) by sullabEe ansulT cutting bone forceps. It la always well to extend 
II forward, soastooprn uprbemai^tDUlaniriuulr) and thegucLerotUiecarknnibimfl 

bony groove. The pnslcloii of the trephine opeDlngti which muu lie made for the 
relief ot Inflammalory lutra-cranial affections setiinilary to disease ot the e«r other 
ttvan for aiuus pyaemia have been added to the drawing for the sake of contrast and 
complelenem. Tbey are as follows : A. Trephine opeulngto explore the anterior 
flurftLo! ot the petrous Ikone, the root of the tyrnpanuiii. and the petn>BqiiaiU4>iiH Ab- 
gure. half an inch In dlatneter. Ill centre being situateil a short Inch (neTcn-alghlhs of 
an Inch) rerticAlIy above the middle of (beme«tua. At the lower marfdn of thlatre- 

search the whole of the aiilcrior surface of the petroua, c, Tiepblne opening torei- 
pnslDg the mastoid antniin, aiuarteraf anlnch In diameter, and half an Inch behind 
and a quarter of an Inch alcove tbe centre of tbe nkeatus ; or a quarter ot an iboh 
above thecenlreot the nheatus and aquarterof an inch IwhiDd Ita posterior border. 
Tbe trephine shoukl be dlrecl«l InwanlandsUghlly downwanl and forward. When 
asuperflclal disc of bone has been removed Hi! well In repeal theoperiitlon with tbe 
gouge. .* larger tre|^lne may wlih ailvaotago beemployeil. especially In adulta. d, 
Trephine opening tor leinporo.Bphenofdai atMcess. lulf an luch In diameter, Bltun- 
tion nwommended by Barker, otie Incli and a quarter behind and one inch and a 
quarter above centre of meatus, Tbeneedleot the aiplrator Ea to bedlreoted at flrM 
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inwkrd and ■ Iktie doininrd and torwonl. 



DilnBham prefers 



„, c, TrepWoe opeDlOf' 

(or «reheU»r ftbnwm bkU oa Inch in dUmeirr u.l oue ini-h and & liajf bt^hlnd and* 
qiwrter ol«n inch below the ctntre of UmdihiIus. Birmlnghiun prefera two iocbea 
brfiindandoneinchbeloB to»void the occipital arn-ry. The anterior border n( 
the trephine should just be noder cover of the pMlerior border of the mutn.] 
procetB. Tbeiir«wln([shoWBlh»t a. trephine hole mnde in UUs sJtuaUoD is far 
■w»y from the lateral tinus. and that the Irocar and onxOa of the aspirator. H 
(tl«Kted r.inrard. Inward, and upward, would hit QQBheoewoocupyinK the maiwiir 
partof Ihi-lairrallobeof the cerebellmu. which is ibe usual at(« of ooIIectkHia otpni 
Id ihla part of the brain. 

Cases iif Abscess of ihe Brain SiiccessfnUy Opened. 

Stirasou has rejxjrted the foUowiug interesting 

t-ase : 

M. D., aged 39, took cold and developed an acute otitis 
nitnliii with discharge of pus from the left ear in Decem- 
ber, ISliii. A month later he was admitted to the New 
York Hospital sufferiug from the chronic ear dischai^ 
and from severe pain in the left side of the head. He had 
hail a convulsion two days before his admission and had 
been in a semi-comatose condition with intervals of rest- 
lessness ami deliriimi since. On admission there was 
tenderness on pressure over the mastoid process but no 
redness or cedema. Pupils were normal; temperature 
Hi'l". He remained in a semi-comatose state for six days, 
growing worse, and then Dr. Stimson operated. A curved 
incision wiut Ix^gun hehiud the base of the mastoid process 
and carried forward and upward, passing close to the ear 
for about four inches ; the flap was reflected, the hone ex- 
posed, iind an opening three- fourths of an inch in diameter 
made through it with a chisel above and slightly behind 
the external auditory meatus in the posterior part of the 
Rijiiamons portion of the temporal bone. An incision 
through the dura gave exit to about three ounces of pus. 
The finger passed fieely upward and backward. It was 
thought that an abscess had formetl between the meninges 
and not in the substance of the brain, and that it had es- 
pecially compressed the posterior part of the temporal lobe 
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in ita inferior and outer surfaces. A drainage tube was 
inserted and the wound closed. 

A few hours afterward his mental condition had im- 
proved and pain was less. The improvement was progres- 
sive and the wound healetl six weeks after the operation. 

Meanwhile his cerebral functiona presented interesting 
features. During the first fortnight heseemed inteUigent, 
but unable to comprehend his surroundings; he would 
listen intently when addressed and answer inarticulately, 
occasionally uttering a word that could be understood but 
which was usually unrelated to the question. It was not 
until the second week that he could name objects. He 
still failed to recc^nize faces at the end of the fourth week 
and was still unable to read, A month after the opera- 
tion he began to remember things, and then little bj- little 
the recollection of the past and of bis illness returned; but 
he had no memory' of his admission to the hospital or of 
his first month's stay. He spoke of the difficulty he had 
had in calling things by their right names, and said the 
difficulty still persisted although it was very much less. 
He also bad difficulty in reading. He could write his 
name rapidly. Thare was no paralysis but his walk was 
feeble. He eventually recovered entirely. — -V. Y. Med. 
Jour., May SOtb, 1891. 

The following case, which is described hy Von Berg- 
manD,' offers a good illustration of the history of an 
abBC«BS secondary to ear disease: 

The patient had suffered from time to time during fifteen 
years from a purulent discharge from the ear, with occa- 
sional earache. The pain sudtlenly became more severe 
than usual and he began to have attack.^ of vertigo ; in the 
course of a few days his appetite failed: he began to feel 
sick and to have chills and fever at night. At the same 
time headache became very severe and kept him awake at 
' " Die Chirur. Behaadl, d, HimkraDkh.," p. 69. 




196 BRAIN BURGERY. 

night; this headache was generaJ, but more intense upon 
the right side, which was also tender to percussion. When 
admitted to the hospital, a few days after these acute 
symptoms had begun, he gave the impression of being a 
verj' sick maji ; was apathetic and stupid, and iuiswer»] 
questions with difficulty and slowly ; his skin was alightlv 
yellowish and his tongue thickly coated ; his temperature 
was iH>° and pulse only 50; there was a slight difference 
in the power and sensation of the extremities, his left 
arm and leg being somewhat weaker and less sensitive 
than the right ones. There was an occasional twitching 
in the right side of the face; the pupils were equal and re- 
acted promptly; the right ear was filled with granulations 
and was discharging pus; the hearing was much dimin- 
ished. Tile mastoid process was not swollen or tender 
but percussion above the ear over the temporal lobe was 
very painful. 

The symptoms mentioned increased in intensity during 
the following week ; hin pain became greater and his men- 
tal condition more stupid. Vou Bergmann then trephined 
above the ear, exposing a space -i cm. eiiuaie. The dura 
pulsated, and when it was divided the brain bulged into 
the wound. Incision int<J the brain did not at first reveal 
the abscess, but the third incision directed somewhat for- 
ward gave exit to :K1 c.c. of fetid green pus. Exploration 
by the finger showed the abscess cavity with a thick wall. 
This was washed out with iodoform ether and drained by a 
tube i cm. long; the tulie was surrounded by layers of 
iodoform gauze which protected the brain and membranes 
from contact with the pus, and the wound was thoroughly 
washed out before being dressed. 

The pulse rose from 50 to 88 as soon as the pus was dis- 
charged; a daily change of dressing witli a progressive 
closing of the abscess followed, so that on the ninth day 
the drainage tul* was shortened, and by the end of the 
sixth week the wound had entirely healeil. From that 
time for a year following the patient was in perfect health. 



TRKPHISISti FOR ABSCESS OP THE BRAIN". 107 

Another case ia the following by Barker : ' 

Male, aged 33. Previous trouble in right middle ear, 
and epileptic attacks when young. In 188(5 weakness and 
coldness in right leg; subsequent];- severe headache; 
tenderness over mastoid and right occipital regions. 
January 33d, 1887, two epileptic spasms within an hour; 
right side of body convulsed; subsequent! 3- unsteady gait, 
staggering to the left, and contraction of right pupil. 
January S.'ith, mastoid trephine<l in usual way; no pus 
found. Later, became semi -comatose, with paresis of left 
arm, and right pupil dilated. Diagnosis: Suppuration 
over or in arm and face centres oi right side. February 
3d, ISST, operation. Trephine applied over fissure of 
Rolando; dura bulging; serum found at depth of an inch 
and a quarter; when an inch and a quarter l»ebind ex- 
ternal meatus, pus found at considerable depth, and nearly 
half an ounce removed; abscess cavity drained by rubber 
tube, after which as much more pus escaped. Serious 
collapse of patient; reaction finally established. Patient 
soon convalescetl, made nearly complete recovery. 

Von Bergmann records seven other successful cases 
of operation fur brain abscess quite similar in their 
history to his own." Other cases have been success- 
fully treated by Truckenbrod. Poulsen, Mayo, 
Pritchard, Cheyne, Paget, and othei-s, and the 
records of the past three years show that a con- 
siderable percentage of cerebral aliscesses secondary 
to ear disease, which have lieen accurately diagnosti- 
cated, have been reached by the surgeons and emptied. 
Inasmuch as this disease had been uniformly fatal 

'Brit. Med. Jour.. 1888, April Htli. 

' These cases are by Schede ( I ) , Barker fi) , (ireenliL'lil, Miii'ewen 
(2), Horsiey. 
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before the treatment by trephining was introduced, 
success iu its treatment must be reckoned as among 
the brilliant results of modern brain surgery. 

Abscess secondary todisease of the nasal cavity is less 
common than after disease of the ear. It is usuallv 
frontal in situation and produces no distinctly loc^iz- 
iug symptoms. 

Park ' has i-eieiitly reiwrted a case of abscess devel- 
oping iu the frontal loliea after the removal of a doItp 
from the nose. 

The patient developed general cerebral symptoms about 
four weeks after tlie ojjeration and became unconscious. 
In the comatose condition there were no localizing symp- 
toms whatever, and it was from inference rather than from 
any safer guide that Park decided to explore the frontal 
lobe. He raiscHl a frontal flap and trephined above the 
orbit on the side from which the polyp had been removed. 
Exploration with a needle finally revealed an abscess cavitj- 
from which 12 c.c.of pus was evacuated. The cavity was 
draine(i with rubber tubing and the wound was closed and 
dressed. The patient died the following day. An autopsy 
sh.iweil the existence of a second abscess in the other 
frontal lobo corresponding iu situation to the abscess 
oj>ened, 

C'ourlvs-wris. 

Whenever severe cerebral symptoms develop rapidly 
after an uijury to the head which has broken the scalp, 
or after im operation upon the nose, orbit, or ear, or 
during the progress or subsequently to an otitis media 
or chronic nasal discharge, an abscess of the brain 

' lleU. NewH, Dei?. 3d, 1802. 
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must be thought of. If other conditions can be ex- 
cluded, and if the situation of the abscess can be de- 
termined either by a study of the local symptoms or 
by a knowledge of the cause producing it, an opera- 
tion should be undertaken at once. The earlier the 
Bui-geon is called in the better the chance of the 
patient. The opening in the skull should be large 
enough to allow of free exploration of the brain and 
to secure free subsequent drainage. The drainage 
should be kept up until the abscess cavity closes from 
the bottom. Every endeavor should be made to pre- 
vent the pus from coming in contact with the mem- 
branes. The wound should he dressed frequently and 
kept clean. The general condition of the patient 
should be attended to, so that every opportunity for 
recovery may be afforded. 




CHAPTER VT. 

TREFtUVlMO FOB. TUHOB OF THE KRATBT. 

The Fre-inencT and Varieties rf Tninois in tb^ Brain in^iy^u of 
Sii Hundred Turaora. Tamora in Children t..,oira=i«i »ith 
TomoR in Adults. The DiagDoaia «r the Natun- ,a Ae Tuner 
Th* Diagnoei- ot the SLtoation of the Tnmar. The PeTcutm 
ot Brain Tain..re Open to Optratiun. Tlic ReeuItB of Opn«ti^ 
fitr Brain TumoTB- Analysis of Ninetr-seten Cases. I Omhtsl 
Turn'-R S^le<^U^ American Cast^, Peiwoai Case. Tumor 
of Frontal Lobw II, Cerebellar TumoTB- Diagnosis. Difficoi. 
tirt .'f Operati'>n, Thre*' Perwrnal Cases. Table of aU Bnia 
Tumore Operated upon. Conclusions. 

U5TTL a recent date the interest in a case of ttimor 
of the brain appeared to end with the diagnosis, for 
prognosis was hopeless and treatment except in tumors 
of syphilitic origin was useless. 

But with the advance in the power to diagnosticate 
the nature and exact ixjsition of tumors came the 
possibilit)' of turniug that power to a practical use. 
And the marvellous development of aseptic surgery 
. oijened the way to achievemeuts in the removal of 
Itrain tumors more brilliant than in any other field. 
The work of Maeewen, Durante, Horsley, Weir, Keen, 
and Park, and the later successes of Von Bergmann, 
Czemy, Lucas Championniere, Troissier, McBumey, 
Deaver Gerster. and others, have placed upon a sure 
and i>ermanent basis the sin-gery of the brain. And 
in no department of tliii field of surgery have the re- 
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suits been more striking and successful than in the 
excision of new growths. 

These facts have lent a new interest to the study of 
brain tumors. It is essential to investigate their fre- 
quency, their varieties, their various situations, their 
structure, and their diagnosis, and thus to reach some 
estimate of the prospects of success in their treat- 
ment by the trephine. 

The Frequency and Varieties of Tumors of the Brain. 

Authorities agree that brain tumors occur with 
about equal frequency in childhood and in adult life. 
Gowers states that one-third of the cases occur in per- 
sons below the age of twenty, so that it would seem 
that children were somewhat more liable than adults 
to this disease. In the list of organic nervous diseases 
of childhood cerebral tumor stands high, being only 
exceeded in frequency by meningitis, infantile spinal 
paralysis, and cerebral hemorrhage. In adult life it 
does not hold as conspicuous a place, being mentioned 
after cerebral hemorrhage, embolism, and thromliosis, 
and being less frequent than locomotor ataxia and 
than paretic dementia. 

Some years ago I made a collection of 300 cases of 
brain tumor in children and youths, deriving the cases 
from Bemhardt's and Steffan's collections and from 
the journals published prior to ISmS, The table then 
prepared is here reproduced, as it demonstrates the 
varieties and most common situation of these tumors in 
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To aflford some information with regard to the 
points of dififerenre between tumors in childhood and 
in adult life, I have now prepared a second table con- 
taining 3(P0 tumors occurring in persons above the 
age of twenty. These have been collected from Bem- 
hardt's tables; from my own collection of American 
cases of cortical lesion; from Bramwell's book, and 
from the critical digests by Bernhardt in Virchow's 
Jahresbericht from the years 1S8S to lS(t2 inclusive. 
Table II.— Brais Tdmors ih CnnjiBBN and Adcuts. 



t. FDurth Tentrhde. ■ ■ 

n. Cerebclluin 

Ul. Multiple tumon 

IV. Oirtei cerebri 



U Pill 



IS 



si "I 



»\9n 



ThaflrstcolumDiuvclilldreB'atuiDon; tha WMSond oolumus adults' tumors. 

It will be noticed in comparing these tables that the 
relative frequency of the different varieties of tuma 
differs in children and adults, tubercular tumors pn 
ponderating in childhood, but being relatively infM 
quent in adult life. 

Glioma and sarcoma appear to be about equal) 
frequent in childh<xxl, but in adults sarcoma is mcH 
frequent than any other tumor, glioma being the ne: 
in frequency. Carcinoma, as would naturally he i 
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pected, is more frefjuent in adults tlian in cliildreu, so 
alBO 16 gumma. 

It is rather singular that so few gummata have 
been recorded in literature. It is my impression, de- 
rived from clinical obaervation, that gumma is the 
most frequent form of brain tumor occurring in 
adults. Rumpff in his book upon "Syphilis of the 
Nervous System" has been able to collect a very large 
number of gummata of the brain and has described 
this class of cases fully. That gumma may be ab- 
sorbed by specific treatment is a fact which the ma- 
jority of syphilographers hold and which my own ex- 
perience confirms ; it is. however, denied by Horsley, 
who recommends operation for gumma as well as for 
other tumors. It seems to me that the infreqiiency 
with which gummata are recorded in literature as 
having killed the patient would indicate that, though 
these tumors may be fre(iuent in occurrence, they are 
susceptible to medical treatment and do not prove as 
fatal as other tumors do. 

Cystic tumors of the brain may arise either in con- 
nection with glioma or glio-sarcoma or independently 
as the result of parasitic infection. Hydatid cysts, 
echinococcue, and cysticercus are very much more fre- 
quently met with in the German and Australian records 
than in English or American journals. Kiicheumt-i- 
Bter, in an article on this subject, has collected f^S cases, 
but I have not included them in the table, as they would 
give an appearance of undue frequency of thisdisease, 
which would mislead. In America a cerebral cyst of 
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parasitic origin ia a curiosity, and but few cases 
be found in our journals. Cysts which are merely 
result of preceding softening or hemorrhage are 
to be reckoned among tumors, as they do not pi"od' 
eyraptoms of tumor. 

Primary carcinoma of tlie brain is a great rarity. 
Among the cases tabulated are four which invaded 
the brain secondarily, after beginning in the retina of 
one eye, a not infrequent form of the disease in child' 
hood; the remainder being secondary to carcinoma 
elsewhere in the bo<ly. 

In comparing tliis list of the relative frequency 
the various forms of tumors with smaller lists, I fini 
that the relative frequency ia about the same in all 
lists ; and therefore I think that this may be consid; 
ered fairly reliable, though statistics are always to 
looked at with care. 

The diagnosis of the kind of tumor present is always 
a matter of probability in anj' case ; and hence such 
a list has a certain diagnostic value. It will, of 
course, occur to any one in the presence of a child 
with brain tumor to inquire carefully into any history 
of hereditary tendency to tubercular disease, and 
examine carefully for other evidence of tuberculi 
such as enlarged glands, scrofulous joint disease 
phthisis, chronic diarrhcea, etc. Occasionally the 
bercular tumor has been found, after death, to 
the only manifestation of infection, but this is not the 
rule. Tubercular tumors are so frequently multiple 
that the occurrence of local symptoms pointing: 
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more than one tumor will also ^xiint to tubercular 
tumors. The determination of the question as to the 
existence of tubercular disease is of the greatest im- 
portance, in view of the possibility of surgical interfer- 
ence. Supposing that a brain tumor is diagnosticated 
and is located in a place accessible by tr3phining: if it 
is thought to l)e tubercular is an operation justifiable? 
Such rji operation may prolong life, but the disease 
may reappear in the brain or elsewhere. The opera- 
tion is certainly attended by greater danger than in a 
non -tubercular person. Yet the existence of tubercu- 
losis does not prevent the surgeon from attacking 
tubercular joints or tubercular testicle. Should it 
prevent his attacking a brain tumor? Von Berg- 
mann' thinks that it should, afBrming that it is im- 
possible to I'euiove the cheesy masses from the soft 
kain coverings and tissue with the thoroughness that 
is possible in dealing with bones. He claims that the 
operation will be incomplete, and that a relapse is then 
certain. In support of this view is the fact that a 
tubercular tumor of the brain was recently removed 
lit St- Luke's Hospital in this city by Dr. B. Far- 
qabar Curtis from a patient of Dr. J. A. Booth, 
but within three months it bad recurred. English 
fOrgeons have taken a different view, and have re- 
ed successfully several tubercular tumors com- 
y without relapse. But further experience is 
ly necessary btifore any rule can lie laid down 
matter. The greatest drawback met with in 
"Caiirurg Beliiin-ll. -I llinikiiinklieileu," i>. ,W, 
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dealing with tabemilar tumors by surgical measures 
is the poesibilitT of the preseiit?e of more thao one 
tumor, the failure to detect and remove more than 
one. and the conseqnent need of a second operation 
when the second tumor develops suflSciently to give 
rise to special s\'mptoms. 

If there is no probability in a case of tumor that 
tubercular disease is present, the diagnosis of the kind 
of tumor present is difficult. 

Carcinoma of the brain, though in a few cases pri- 
mary, is usually secondary to (arcinoma elsewhere. 
Should such a tumor be found in the body, especially 
if it should be found iu the orbit and in connection 
with the retina, the diagnosis of the nature of the 
cerebral tumor can be made. Otherwise it cannot be 
thought probable. To remove a secondary cancer in 
the drain when the primary cancer remained would 
banlly \te tmdertaken by any good surgeon. 

Gumma is the fonn of tumor most likely to develop 
in adults, but unless there is a distinct history of ac- 
quire<l syphilis with other syphilitic manifestations, 
and imloss nocturual headache and insomnia are pres- 
ent, the iliiijjnosis will Ite uncertain. The test of spe- 
cilif treatnieut should be applied in every case. 
Hoi-sley limits the duration of medical treatment to 
six weeks. 1 would urge that imless the tumor is far 
advmuiHi a more thorough trial be given. If no re- 
sult in the anielioratiou of s^Tiiptoms is obtaineil in 
three iniHiths it is probable that further treatment 
will a\'ail nothing. 
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Cysts in the brain of parasitic origin form very 
slowly, never destroy but always displace the brain 
tissue, and rarely, if ever, give rise to localizeil symp- 
toms. In a case of brain tumor in which the symp- 
toms are all general and not local the possibility of 
cyst should not l>e overlooked, and the child's history 
should he investigated in regard to any exposure to 
infection, the presence of tapeworm or of hydatid 
tumors elsewhere. There is no reason why such cysts 
should not be removed. 

The remaining varieties of tumor — glioma, sarcoma, 
or glio-sarcoraa — cannot l)e absolutely differentiated 
from each other. Occasionally sarcomata in other 
regions of the body may lead to the suspicion that 
there is one in the brain, but secondary sarcomata 
are relatively rare in the brain. Hence this point of 
diagnosis is not to be relied upon. Glioma and sar- 
coma may be equally slow in growth, may produce 
very marked symptoms or none at all, and do not 
differ markedly in their selection of situations in which 
to develop. Bramwell believes that glioma starts in 
the white mattei" and invades the gray matter. Zie- 
gler affirms the contrary, and the cases here cited cer- 
tainly confirm the statement of the Grerraan patholo- 
gist; hut from a disputed jjathological question no 
diagnostic conclusions can lje drawn Nor does the 
mode of origin throw any light ujxm the differentia 
tion of sarcoma and glitima. for bntli result from 
blows and falls upon the head with equal frequency. 

There is but one fact which may make a differen- 




tiation possible, viz.. that glioma is usually very vas- 
cular, much more bo than any other tumor, A tumor 
which is vascular varies very much in its size, being, 
as it were, erectile. Variations in size within the 
brain are impossible, but the corresponding condition 
to erection in such tumors is an increase of intracranial 
pressure. Variations of intracranial pressure mani- 
fest themselves, subjectively, by varying intensity of 
syraiitoms, and by the possibility of modifying symp- 
tnnis by means of agents which affect the blood pres- 
sure, and objectively by the state of venous congestion 
of the retina. Furthermore, in glioma, hemorrhages 
within or near the tumor sometimes occur, giving rise 
to symptoms of apoplexy. Therefore, in a case of 
tumor, great and sudden changes of intensity in the 
symptoms, accompanied by visible changes of circula- 
tion in the retina, and affected in one way or another 
l>y such meiisures as hot baths, cold douches to the 
Bpine, hot muatard baths to the feet, or free watery 
purgation, will indicate a vascular tumor, probably a 
glioma. And this diagnosis will be reinforced by the 
occurrence of attacks apoplectic in character iu the 
course ot the case. And yet there are cases of glioma 
in which the tumor is quite hard and encapsulated, 
and in which these symptoms will be wanting. 

But there is a practical application of these jxiints 
of diagnosis regarding the vascularity of the tumor 
iu view of surgical interference. The form of tumor 
most suitable for removal is the hard, encapsulated, 
non-vascular tumor. That is the usual form of sar- 
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coma, and is occasionally the form of glio-sarcoma but 
not of glioma. A case, therefore, is much more suit- 
able for operation in which no vascular symptoms, such 
as those mentioned, are present, whether it be sarcoma 
or glioma. And, I'he versa, a tumor showing marked 
vascular symptoms will not be a favorable one for 
oijeration. no matter what its variety or position. 

Passing now from the consideration of the varieties 
of brain tumor and their differentiation, let us look at 
the situation of the tumor. 

The Sifiiiil/ttii of Brain Tumors. 

It is evident from Table II. that all parts of the 
brain may ]m> invaded by tumor, but that certain parts 
are invaded with special frequency both in childhood 
and in adult life. These pr.rts are the cerebi'al axis 
and the cereltellum in children and the cortex in adults. 
By the cerebral axis is meant that part of the brain 
which includes the basal ganglia and internal cap- 
sule; the coriKiraiiuadrigeminaand crura cerebri; the 
pons and the medulla oblongata (Fig. .t.'i) ; and which 
lies upon the cranial floor and is therefore invaded by 
tumors lying uikhi the base nf the brain. Of the *1()0 
tumors collected. !><") were in the cerebral axis. The 
diagnosis of such tumoi-s is not difficult, an they usu- 
ally give rise to very numerous local symptoms, chiefly 
those of involvement of the cranial iienTs. It is not 
my purpose to discuss these here: they may lie found 
in all the recent articles upon the local diagnosis of 
cerebral diseai^i'. The point of interest is that no case 
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of tumor of the cerebral axis can be reached by the 
surgeon. The situation of the parts is such that a 
trunor in them is not near enough to the convex sur- 



FlC. !B.— The Oer^bnil 




face (if the skull to be accessible (see Fig. Tjii). And 
therefore, in estimating the number of the cerebral 
tumors in this ooUectinn which might have l)een the 
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Hubject of surgical treatment, this class, constituting 
one-third of the number, must be at once excluded. 
Coming next to tumors of the cerebellum, we find 




Fio. M. — Photoerapli (Frttsei 
lasal ganElla, ti^ivlirlliiin, pont 
thu other parU. Thfi fnlinr r.ol 
aa to eipcMH the baoal ganglia a 



that they number 141. They are twice as common 
in children as in adults. Thu.'^ in a collection of 
American cases of i-i rfbral tmniii' without regard to 
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Table III. — Tuhors Open to Operation. 
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Of this total of 1<>+ tumors near enough to the sur- 
face of the braiu to have been reached by the surgeon ' 
there were iti in which an ojieration was clearly indi- 
cated from the general and local symptoms, and there 
were 37 in which had the attempt been made the 
operation would probably have l>een successful. Thus 
out of Hon tumors .'!7 could have been removed, i.e., 
about fl i^er cent. 

It would require tiK) much sjiace to give in detail 
the history of each of these cases and to discuss the 
reasons for and against an operation. Suffice it to say 
that this conclusion is reached by a study of the local 
sjTnptoins which during life would have given distinct 
evidence of the situation of the disease, and hy a con- 
sideration of the pathological condition found at the 
autopsy which demonstrated whether the removal of 
the growth during life could have been accomplished. 

Many tumors in this collection could have been 
diagnosticatinl and located, but could not have been 
removed had the attempt been made. Others could 
have been removed, but the symptoms did not point 
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with sufticit'iit distinctness to the Bituatiou to give an 
, adequate guide to the surgeon. The majority of the 
remi>v!il)le tumors were encapBulate.1 sarcomata lying 
ou the cortex in the central regiou and giving rise 
to spasms and to paralysis. Three of the occipital 
tumors producing hemianopsia and five of tlie frontal 
tumors causing aphasia might have been removed. 
The large majority of the gliomata and of glio-sarco- 
raata were infiltrated in the hrain substance to such 
an extent as either to have escaped detection at an 
oiierjAtiiin or to have lieen impossible of excision. The 
wune is true of the carciuomata. Many of the tuber- 
cular luraors were multiple, and when one might have 
Im'cii leached the ttthers would have eluded diagnosis. 
There were several cases of tumors within the brain 
(illuT in the optic thalamus or in one lateral ventri- 
,■1,' which ilcmonstrate how both diagnosis and opera- 
tion miglit fail. In these cases the symptoms might 
■Ay have led to a diagnosis of cortical tumors in the 
mntov avea, but had an operation been undertaken no 
V would have been found. Such cases should 
■ ^ waruing. They teach that under the most 
rwvivX examination diagnosis is never absolutely ac- 
curate ftn<l that many oi>eration9 must necessarily be 
'exploratory. This latter fact, however, is familiar to 
surgeons, and need not prevent the progress of cere- 
bral surgery. _ " C.A,>*. 

U mav l>e lemembei-ed that m a review of 100 tumors 
i„ the museum of Guy's Hospital. Dr. Hale White 
tound 10 which might have been removed safely. Hia 
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percentage, iM per rent, is larger than my percentage 
— 6 per cent including tubercular tumors. Mills and 
Lloyd found 10 cases in their collection of 100 which 
could have been oi>erated upon. Knapp found but 2 
cases in his collection of 4(t cases, and he estimates 
that 7 per cent of the -tK.") cases tabulated by Bern- 
hardt could have been removed. Daua states that 
5 cases in 211 luider his observation could have been 
removed. If we add these together the result is 7 
per cent for oi>eration.' 

This conclusion appeai-s to be very unfavorable to 
surgical interference in brain tumors. It is to be re- 
membered, however, that in many cases the patients 
were only observed in a late stage of the tumor, when 
it had grown to such a size that early liK'al symptoms 
were obscured, as they are likely to be, by later symp- 
toms. And it is also to-be remembered that at present 
the obseiTation of nervous symptoms is more careful 
and accurate than in former years, and that many 
cases now come under observation at an earlier stage 
than formerly, so that the diagnosis can be made be- 
fore the tumor has made much progress. 

Turning now from these theoretical considerations, 
let us see what have l«en the results of experience in 
the removal of brain tumors. 

Analysis of Operations for Removal of Tumors. 

The number of cases of tumor of the brain in which 

surgical relief has l>een attempted u|) to the present 

' See uIho Kniipp " lutiiifranial Growtlia. " 
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^lie question of operation should Ite thorouglily con- 
sidered. 

It seems best to distinguish broadly between tnmora 
of the cerebral hemispheres and tumors of the cerebel- 
lum. The diagnosis between these two conditions is 
perfectly easy, and the risk of operation in (he two 
conditions is so different as to demand their separate 
consideration. 

Fir.it. Cerebral Tumors. 

As shown in the table, Hi tumors of the cerebral 
hemispheres have been treated surgically. 

In 54 cases out of these 81 the tumor has been suc- 
cessfully located and removed from the brain. Thirty- 
nine of the patients recovered, ir> died. 

Of these j4 tumors 4.3 have been removed from the 
motor (central) region of the brain. It is in this re- 
p^on that the location of a tumor can be most easily 
determined and in which few mistakes of diagnosis 
have been made. The occurrence of spasms or of 
paralysis limited to one limb, or extending from one 
to the others in a definite order, is diagnostic. In one 
of my own cases the motor symptoms were certainly 
of the greatest service in detennining the location of 
the tumor. So too in a case reported by Erb in July, 
I >>92. in the Deiif.sche Zeii-tchrift fi'ir Nerrenheilkunde. 
This case deserves mention on account of its unique 
historj'. 

The patient was n male and liad suffered fnim the gen- 
eral sv-mptums of briiiii tumor, viz., headache, vertigo, 
vomiting, and optic neuritis, for some months. The de- 
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velopnimt of occasioual fipasmB foUowm) h,. „ i ■ 
the Irft an„ .,,.1 leg indicated the ce JS, " '^7'^' "■ 
the ris-ht hemisphere „ the p^litw™ co„v„,„„„„, „, 
C«<r„.v operaJ i„ November, TsM ^nd f "^ '^■f '""»'■ 

Its complete extirpation beina impc^X TlT 1 ' 
reooverej from ,l,e ope™tion, wa»%^' „," ^ ^ 

for eight months, and then began to a,df„™ ■ '"P"""" 
old symptoms. I„ Novemb^SsT h^'ST ^ ?" 
come so l.rf that it was thought best to ret^»,'°,h 
.ion. The tnmor was f„„„d to have gnTrUl^'^rd 
again a large part of it was remove<l Arain 
na-nt was verv striking, bnt at the dat« of the reporTTr 
,R,-i, a ttard „,«.rati„„ upon this man wa« i„ cont^ml: 
tum, the BjTUptoiua having again appeared. 

It is evi.leut that iu such a case where the complete 
fxtivpatioii of the growth caunot be attained, ultimate 
siuifss nmiiot l*e expected. Yet this case deoKm- 
slnites the iv»s«ibihty of relieving the serious sjmp- 
tiuiis and nf prolouging hfe in a disease fonnerjy con- 
sidered inciuahle. The toleration inav he compared 
til that of removal of ciuicer <..f the breast, which pro- 
loiigs life even at the risk of recurrence. 

The loeation of the tumor in the remaining 23 cases 
was as follows: in the frontal region in 5, in the 
]jarietal regii)n in 1. iu the occipital region in 2, In 
the remajiuler the Ux-ation was not exactly stated in 
the hist«iry tX-cipital tumors can be so easily diag- 
nosticated by the existence of hemianopsia that it 
seems singular that but two have been removed. Parie- 
tal tumors give rise to sensory s>-mptonis associated 
with motor symptoms, and when in the left hemispb»« 
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they also produce symptoms of sensory aphasia of the 
variety known as wonl-blindness or alexia. It must 
be couf^»ed, however, that the diagnosis of tumors in 
tliis location ia much less certain than that of tumore 
in the mot«r zone. Tiimora in the left temporal lobe 
also produce sensory aphasia of the variety of word- 
deafness. Mental changes and secondary motor symp- 
toms occur in tumors of the frontal region. They will 
be more fully discussed in connection with one of the 
cases here recorded. 

In 25 cases the operation was unsuccessful be- 
cause the tumor was not found by the surgeon at 
the point at which it was supposed to lie, or be- 
cause the operation was undertaken for the relief 
of the symptoms caused by intracranial pressure and 
not with a view to the i-emoval of the tumor (8 cases) . 
In some of these cases the local symptoms were clearly 
insufficient to indicate the position of the tumor, and 
a cautious neurologist would not have advised an at- 
tempt to find it. In other cases the local symptoms 
were well marked and the diagnosis seemed clear, yet 
the tumor really lay at such a depth as to be inacces- 
sible, or was so infiltrated in the brain as to make its 
removal impossible. These cases must necessarily be 
counted as failures in the estimation of the percentage 
of success. Yet exploratory operation is not to be 
condemned, for we are dealiufj here with a hojieless 
disease, and it is proper to make an attempt to save 
the patient even though that seem to lie despei'ate. 

It is evident, therefore, that tumors have been sue- 
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^ ■■H 1li«riierto«tirf.rtorgydiaei»06ticate 
er to RWMvt^Mn Ijrms en the median or basal sar- 
«>a»rf the eochallMauBidieres, and no attempt at 
aoeb removal has been nude. 

It iminwiUe to give any detailed historj- of all of 
the* cams. I aelect a few American cases in which 
the diagnosis was clear both as to the natii re of the dis- 
eawand as to its locatmn, and in all of which the tu- 
mor was found at the operation. 

Nflerfpfi Cases of Brain Tumors Removed. 

HiRfWHFELiiER and Morse.— M., 3t, in August 1884 
U-\i.Hn to liavi.' pain in back of head and vertigo. Later he 
ii'>tif«d dimnoHrt of vision and stiffness and weakness of 
lifi l<>^', (litii of li'ft Hnn with occasional epileptic attacts 
iiml IwilchiiiK of left fiide of face and left leg. 

Wlii'ti si'cri in February, ISfttl, ho had frequent spasms 
III' I 111- li'fl side, Iwginning in the arm, and a condition of 
l.'fl liiiniipli'tjiii with Ioks of nuistnilar sense in tlie left arm 
unit luiirsllii'sifi of left face and general sj-mptonis of brain 
liiuiiir. 

l>iiiKnosi« wiis a tiiiiior in middk' i>art of pneterior cen- 
Inilnmvot.iliim. 

'I'li'liliiin'd hVUnuiry ITitli, issii, by I)r. Morse. Bone 
ibiii. DuiH found tense and white; when dura was di- 
vidinl biiiiu ludp^sL The bniin appear^ to be hentor- 
ilitijii'' mid ^'liomatous, The gn.>wth. "ii c.c. in siae. was 
.'\i'i!*.sl ill (Htrt. it Ivinir difficult to separate it entirely 
riN'in iho brtdihy liraiu tisssue. It wsu- « glioma. 

INttient n^vwnd fnnu \\w slniok «>( operation, hat tbe 
(v*t>'«ii»irf tlteU'ftsivW rvmaiueil. The discharew from the 
w\>tuul lv<MnM> ;i«Hiti*\ The ttrtiu about the minor was 
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much BofteDed. He died on Febmaiy '^^id. — Parijlc 
Mud. Jour., April, 18S6. 

BiRDSALL and Weir. — M,, aged 44. Paretic 9\-mp- 
toma in limbs of right side, with diplopia, nausea, head- 
ache, etc. ; later, hemianopsia and neuro- retinitis. Diag- 
nosis of tumor in cuneus. This diagnosis was fortified by 
further observation, and symptoms of in co-ordination ex- 
plained by its pressure on the cerebelluni. Operation, 
March iith, 1S87, by Dr. Weir. On opening skull, dura 
did not pulsate, but was of dark color; incision; appear- 
ance of tumor of reddish color, coveieil with vascular con- 
nective tissue; enucleation of same after its incision, and 
removal in two parts; hemorrhage troublesome. Tumor 
found t*) be spindle-celled sarcoma ; greatest circumference, 
eight inches and a half; weight, 140 grammes. Five 
hour.s later, patient in collapse from secondarj- hemorrhage ; 
infusion of salt solution; bleeding continued. Death nine 
hours aft*r operation.— jVc(/. -Yefca, April Ititli, 1887, p. 
423. 

Sequin and Weir. — M., aged ;iii. Spasms of right 
side and neck. In 18fi(i fell one day unconscious; epileptic 
attacks precede<l by aura in right hand and arm and right 
side of face. Diagnosis of tumor in left motor area. 
Operation, November 17th, 1!S8T, by Weir. Dura pro- 
truded slightly; appeared normal; extensively incised; 
brain seemed to protnide; yielded deep resistance on pal- 
pation. Tumor, size of an almond, discovered at depth 
of an inch, not encapsulated, apparently infiltrating sur- 
roimding brain tissue. It was lifted out with a Volk- 
mann spoon. A small fragment, which had separate*! in 
process of loosening, was also separately removed. No 
hemorrhage from brain; wound drained and irrigated; 
discs of bono with several fragments replaced over the 
dura. Tumor found to be sarcoma, principally of round 
cells. Patient recovered; several months later was in 
good general condition; Itetter as regards paresis of face 
and hands; speech much improved. Fivu mouths later. 
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his attackn. His eyesight lias improved to a certain ex- 
tent, but not very much. His mental condition is, I 
think, a little better, but nothing of any moment. He 
has uo headaches and locomotion is good." — Letter from 
Dr. Keen, Jan. 23d, 18li:}. 

Knapp and Bradford. — M., 32, had a blow on the 
head in 18(58, followed the next day by convulsions. He 
was perfectly well until ISSB, when he began to suffer 
from nausea, vomiting, and headache. In March, 18S7, 
he had a spasm with extension and abduction of the left 
arm. About the same time there was loss of power in the 
left arm and leg and numbness of the left hand with in- 
creased reflexes and contracture. Optic neuritis then 
developed, and the couvnlsious continued and the paral- 
jrsis increased. The convulsions usually began with a sen- 
sory aura in the left hand and a clonic spasm of the left 
wrist extending to the elbow. Sometimes the convulsion 
became general with loss of consciousnesB. In January, 
188S, headache had become so severe that he had to give 
up work, memory began to fail, and speech became slow. 
In November, 188S, Knapp found impairment of motion 
of eyes to the left, left hemiplegia with contractures, and 
liemianteuthesia most marketl in the arm. Convidsions 
which were observed began in various parts of the arm. 
Trephine<l Dec. 28th, 1888, by Dr. Bradford, over the mid- 
dle third of the anterior-central convolution. Tubercular 
tumor 4 by :t centimetres, weighing 35 gi-ammes, was re- 
moved from the middle third of the two central convolutions 
on the right side. The patient died of shock in about an 
hourafter. — Bost. Mi-d. ttndSnrg. Jour., April 4th, 1S9I1. 

Church and Frank. — M., 30, began to suffer from 
convulsions in July, 1888, which continued until his 
operation. Each began with pain and spasm in the right 
index finger, partially involving the rest of the hand and 
passing up the arm. The extremity presented u flexed 
attitude and rapid clonic movement; when the body was 
reached consciousness was lost and the patient would fall, 
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March, 1889. After that the attacks became more frequeut 
and extended to the left leg, and occasionally to the face, 
both arm and leg remaining paretic after the attack. 
These attacks continued until June, lyS'J, Headache 
was a constant symptom, but there was no optic neuritis. 
Diagnosis, a tumor in middle third of centi-al convolu- 
tions. Operation June 13th, 1889. On removal of the 
bone a pointed conical projection of bone three-eighths of 
an inch long was found projecting into the brain through 
the dura. Under this a large tumor was found, to which 
the dura was adherent, measuring 3i by 2^ by Ij inches. 
This was removed. Tlie convolutions under it were flat- 
tened and softened. Two days later left homiplegia devel- 
oped, the patient became comatose and died. Theautopsy 
showed the cavity filled by a clot and the adjacent brain 
much softened. — Hahaeiiiaimian Monthly, May, 1890. 

Bremer and Carshn.— M., 23,was well until 1887, when 
he began to suffer from spasms in the left arm which ex- 
tended to the neck and later, as they increased in frequency, 
to the left leg. This condition was followed by spastic con- 
traction with frequent Hpasms in the left foot and in tlie 
muscles of the Ifft side of the neck, which later extended 
to the left arm, and the rigidity was attended by some 
weakness. Vomiting, insomnia, and great nervousness 
had developed by 1889, when he first came under Dr. 
Bremer's observation. There was slight beginning optic 
neuritis. The entire left side was paretic and the limbs 
were contractured, but could by effort be straightened. 
Every voluntary movement was opposed by simultaneous 
contractions of the antagonist. There was no anaesthesia. 
Spasms in the left side occurred frequently, b^inning 
in the neck. The local symptoms of slowly increasing 
severity indicated a tumor in the right motor area at the 
centres for platvsma and wrist in the post-central convolu- 
tion. Near this spot an old scar was found. He was 
trephined by Dr. Carson, March ^titli, 1S9I), over the site of 
the scar. The dura bulged but did not pulsate. On 
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oedematous. The cavity corresponded to the place where 
the spongy cavernous mass was scraped out at the opera- 
tion. The presumable pathological process which took 
place after the operation seems to have been at first the 
formation of a blood cyst, which, after the manner of 
the apoplectic cysts, changed into one containing lymph. 
The emptiness of the cavity is explained, perhaps, by the 
thorough draining which the whole system imderwent in 
consequence of the excessive diarrhoea. The principal 
lesson taught by the case is tlie fact established by other 
observers, that subcortical tumors (or their equivalents, 
cysts, c-ff-) are apt to give rise to tonic spasms. 

" The bone button, which had been replaced after Mac- 
ewen's method, was found to have formed a solid bony 
union with the edge of the trephine hole, rendering the 
vault of the skull practically intact. The completeness of 
the surgical success in this particular has no doubt mili- 
tated against a better and more lasting result of the oper- 
ation. For had the button not been replaced, leaving 
only the scalp to protect the injured brain, this more elas- 
tic and yielding cover would have mitigated the pressure 
from below. A second operation, tapping for instance or 
scraping out of the presumable post-operative blood cyst, 
would also have been facilitated." — Letter from Dr. 
Bremer, February 4th, 18SI3. 

Wood and Aonew.— In his address before the Ameri- 
can Surgical Association in September, 1891, Agnew re- 
ported briefly that he had operated in a case of H. C 
Wood in which a cyst occupying the cuneus was exposed 
and emptied, but that the patient died in thirty-six hours 
after the operation, aTid at the autopsy a large sarcoma 
was found in the temporo-sphenoidal lobe, which had 
offered no localizing symptoms previous to the operation. 

The following case of my own is given in full be- 
cause it illustrates the general symptomatology of 
brain tumor and the local guides to the surgeon: 
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guage, BO that it took him longer to express hia ideas, 
there being, however, no difficulty in articulation and no 
lack of words. 

He abo noticed hj- the close of the year that his right 
side had become a little weaker than his left aide ; that his 
hand was slightly awkward and that his leg felt a little 
heavy. The symptom, however, which caused him most 
distress was his gradually increasing dimness of vision, 
and it was on account of this that he came to New York 
from his home in Alabama. He was seen at the New 
York Eye and Ear Infirmary by Dr. Derby, who discov- 
ered a well-marke<l condition of ojitic neuritis in both eyes, 
more marked in the left eye: V. O. D. = -j^, V. O. S, = 
-^. In right eye upjier and inner quadrant of visual 
field wanting. Dr. Derby referred him to the Nervous 
Department of the Vanderbilt Clinic for confirmation of 
his diagnosis of cerebral tumor and also for treatment. 

When I first saw him at the clinic on Januaiy 14th, 
18H2, the following symptoms were present: severe and 
constant frontal heaiktcfie, located over the top of the 
head and more esjwcially over the left side, about at the 
upper third of the coronal suture, and at this area, over a 
space about three inches in diameter, there was consider- 
able tendeniesH to peiTiiSNion. There was no vertigo on 
rising or on change of position. There was a state of 
partial blindness due to the very well-marked condition 
of optic neuritis and decidedly worse in the left eye. 

There was a condition of menial (fulness which was 
noticeable, and which he himself and a friend who accom- 
panied him insisted was wholly unnatural. This dulness 
consisted in a slowness of thought, which made him api>ear 
very stupid. It took him some time to appreciate the 
meaning of questions, and it was an effort to answer them. 
This effort was not due to any actual disturbance of speech, 
any loss of words, or any difficulty in pronimciation, 
though he complained that he could not talk as fluently or 
rapidly as heretofore. The condition was, thereftjre, in 
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no sense an aphask- one, but oould only be spoken oC as a 
tildwness in mental [irocesees. His comprehension ' 
yiKxl and his conclusions were correct when he had time 
to think, but rapid mental action was impossible, and if 
insisted upon lie became confu;^ and would smy he could 
not think. Hence he distrusted his own mental power, 
and 8ui<l that he did not think that his judgment was as 
giMxI (18 formerly. He was disinclined to occupy himself 
in any way, and sat in a listless manner saying nothing 
fnr hours at a time. He would often sleep in the day- 
lime, though at night his sleep was often broken by hia 
|>tiiii. It WHS not easy for him to hold hia attention to 
any suliject continuonely for any length of time. Hia 
menial state might be termed a dull listlessness, and gave 
Ihc inipn'ssion that he was a sick man. 

riircfiil fxaniination detected the existence of a slight 
iKjIil liriiiifil^yia; his face was slightly flattened and slow 
in nioliun on the right side; his band was somewhat 
uwkwiird and cUunsy, the power being; 140 by the dyna- 
miinictiT, IhiU on the left being IHO. He dragged the toe 
slightly in walking, though his gait was not notioeable. 
Hi' hiid great exaggeration of tlje knee jerks and marked 
imkle I'lonus. Ht} complained of a feeling of numbness, 
Uith in the hand and foot, but there was no objective 
ana-».thesi(.. 

/>;.«/i(ii.«i,«. — Fn>m these sj-mptoms a diagnosis was 
iittehi-il of a bruin tumor. The situation of the tumor was 
net iiinilv dotermiiied. The slight right hemiple^a indi- 
I'.'ili-tl that it was in the left hemisphere of the brain, near 
l>> bni not within the motor rejifion. The hemiplegia had 
iilUHvutil li>ng after the otiier symptoms, hence it was evi- 
deiii that lb»' nuHor »>ne had been reached only when the 
t(UUv>r had Uxt^me large. The jx^tion of the headache 
and iif the tenderness to percussion over the frontal region, 
and the i>xistence of the mental symptoms described, ap- 
t^-titwl to indic^b' tile fmnta) lobe as the probable sitoa- 
tion. This was confirmed by the absence of aojestheeia 
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or of bemtatiupsia or of sensory aphasia, all of which 
conditions would have been likely to have been present in 
a tumor situated near to but behind the motor zone, in 
the parietal region. The mental symptoms were consid- 
ered of very grejit imiwrtanee in the diagnosis of a frontal 
lobe lesion. 

A study of i.i cases of disease of the frontal lobes of 
the brain, made by me in 1 8S4, showed that decided mental 
dieturbance occurred in one-half of the cases.' 

At that time tho following conclusionB were reached: 
" The form of mental disturbance in lesions of the frontal 
region does not conform to any type of insanitj'. It is 
rather to be described as a loss of self-control and a con- 
sequent change of character. The mind exercises a con- 
stant inhibitory influence upon ail action, physical and 
mental, from the simple restraint upon the lower reflexes, 
such as the action of the sphincters, to the higher control 
over the complex reflexes, such as emotional impulses and 
their manifestation in speech and expression. This action 
of control implies a recognition of the import of an act 
in connection with other acts; in a word, it involves judg- 
ment and reason, the highest mental qualities. By inhib- 
iting all but one set of impulses it enables one to fix the 
attention upon a subject and to hold it there. It seems 
probable that the processes involved in judgment and rea- 
son have for their physical Imsis the frontal lobes; if so, 
the total destruction of these lolies would reduce man to 
the state of an idiot, their partial destruction would be 
manifested by errors of judgment and reason of a striking 
character. One of the Hrst manifestations would be a 
lack of that self-control which is the constant accompani- 
ment of mental action, and which would be shown by an 
inability to fix the attention, to follow a continuous train 
of thought, or to conduct intellectual pnicesses. It is this 
very symptom that was present in one-half of the eases 
' Starr "Cortical Lcsioiia of the Brain," Am. Jour, of Med. Sci., 
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collected. It occurred in all fomis of lesion ; from injurr 
by foreigD bodies, from deatruotion by al>scess, from cxmd- 
pretision and softening, due to the presoacx> of tumors, and 
therefore l:a^n^lt be ascribed to any one form of disease. 
It did not ocrur in lesions of other parts of the brain 
here cited. But its presence in such a large namberof 
these cases warrants the suggestion that in cases of sus- 
pected lesion of the frontal lol>e the mental condition of 
the patient, aa shown by his acts of judgment and reason, 
should be carefully examined, and a chaii^ of chanicter 
or behavior accurately noted." 

Ferrier, in his Croonian lectures, 1890, Hgain e^ed at- 
tention to the ixx-urrence of such mental symptoms in 
conni-ctiou with diseases of the frontal lobes. 

Welt {Alienisi ami Xfiirolngixf, April, 18!iO) concluded 
from a study of eight cases under his otjservation that 
changes in character and disposition are characteristic of 
lesions in the frontal lobes. He says they may be the only- 
symptoms present, 

' W. Oilman Tliompson [Medical Netrs, May, 1800) btfj 
described changes in temperament and alterations in t 
intellectual sphere occurring in threecasesof tumor of tbol 
frontal lolws under his observation. 

Schoeuthal has also recorded a case diagnosticated i 
hysteria on account of the mental peculiarities and lackl 
of self-control, in which a large timior of the frontal loba J 
was found after death. 

Griffith and Sbeldon [Jour, of Mental Science, 1890, p. I 
£33). in reporting a case of tumor invading the mediim I 
smtmct and base of both frontal lobes in which mental J 
<v«iptoins were absent, call attention to the fact that men*< 
"id ^ywiptums occur chiefly when the cortex of the convex- j 
-rr^f the frontal lobes is invaded, and this statement in.m 
W««» >'*A by my own collection of cases before alluded to. ] 
^^ ivtWw of these cases, therefore, pointed to the con- 1 

•^bm> l)wt mental symptoms are likely to be producedl 
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The diagnusia of the nature of the tumor was Bome- 
what difficult. The existenc.'e of specific disease pointed to 
gumma and made it seem proper to trj' the effect of spe- 
cific treatment; he was, therefore, putoninunctiousof mer- 
cwy and increasing doses of iodide of potassium, which 
was carried to the point of three hundred grains a day. 
This treatment was pursued without much apparent 
change in his condition. He then escaped frommyobser- 
vation for months, but returned about the lat of June to 
the clinic. 

It was then found that his headache was stiH severe, 
was still localized in the left side of the forehead. It was 
found that his sight was much worse, so that he was 
nearly blind in the I'ight eye and could not read letters 
with the left eye. His liemiplegia was more marked; his 
face was flatter on the right side, his arm and hand more 
clumsy, and there was a decided dragging of the right 
foot. He complainerl that his right leg was getting stiffer 
all the time and that it felt dead. He said that ho had 
recently been ha^-ing twitching in the right leg as often as 
two or three times a day. He also said that at times his 
hand became clinched without his power t« resist it, hut 
he denied the existence of any clonic spasms. He had had 
some difficulty iu micturitiou during the past months, it 
being impossible for him tKj control his bladder [lerfectly, 
the urine flowing unexiiectedly. His speech was slower, 
and there was a noticeable tendency to the malposition of 
words in sentences, which, however, he noticed himself 
and corrected; he would often say "no" for "yes" and 
vice rersa. His mental activitj- was evidently much 
weaker than it had I>een five months lH?fore. 

Under these circumstances it seemed evident that sjw- 
cific treatment had failed of effect, and he was induced to 
enter Roosevelt Hospital and submit to an oiwration. 

0})crniion. — The operation was performed by Dr. 
McBuriiey on June ^'id, 1S!H. Ether anjpsthesin. A 
semi -elliptical incision was made in the scalp, outlining 
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pale, but pulaation seemed normal aud no bleeding was 
noted. Profuse hemorrhage occurred from the veins of 
the diploe, and no little difficulty was met within its man- 
agement. The lai^st of these veins were ot^cluded only 
by plugging their orifices firmly with small hits of sponge. 
The dura mater was then incised near the edge of the 
opening in the Ixme and turned down as a flap. It was 
quite adherent to the surface of brain lienentli it, which 




was tinifonnly dark in color and very vascular. At the 
first inspection the surface seemed to be that of a much- 
congested ordinary cortical substance. It was, however, 
firmer in consistency than was normal, and a good-sized 
section was removed with the knife, and it was then clear 
that the whole area exposed was tumor tissue. At the 
end of the section removed a distinct capsule was met 
with, and following this with finger and blunt scissors, it 
was not difficidt to completely enucleate the large tumor, 
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which extended in everj- direction beyond the edges o£ 
the opening already made in the skull. 

The tumor {Fig. 58) was oval in uhape, measuring tiiree 
and one-half by one and three-quarter inches. It was 
completely inclosed by a capsule, and after its removal a 
large cavity in the cortex remained. This cavity bled 
profusely at everj- ix)int, the hemorrh^e requiring for its 
control complete packing with iodoform gauze. The flfip 
of integuinent was partially replaced and sutured at the 
sides only, a large loose antiseptic dressing being applied 
over all. 

Loss of blood and shock produced a marked effect upon 
the patient's general condition before the close of the oper- 
ation, and both rectal and hj-podermic stimulation were 
actively applied, and after the patient's removal to bed he 
was given constant attention and every effort was made to 
improve hisconditiun. Aftera large intravenous infusion 
of normal salt solution temporarj' marked improvement 
was noted, but the pulse soon failed again and death 
curred about midnight, eight hours after operation. 

The exact situation occupied by the tumor was 
follows: It involved the posterior part of the second frontal 
convolution, the adjacent portion of the first frontal and 
the upper half of the anterior central convolutions. The 
entire anterior centrfi] convolution must have been com- 
pressed to some degree, and indirect pressure must have 
been exerted upon the third frontal convolution below the 
tumor. The situation of the tumor corresjionded, there- 
fore, very accurately to the diagnosis made before the 
operation, but the size of the mass was much greater than 
had been anticipated. After hardening in Miiller's fluid 
and alcohol it displaced fifty cubic centimetres of water, 
weighed four grammes, and measured two and one-half hy 
two by one and three-ijuarter inches. The tumor was 
carefully examined by Dr. Eugene Hodenpyl, and was re- 
porteil by him to be a true sarcoma, consisting of a hu'ge 
numl>ev of delicate bloiMl-vessels and rather large, irrej 
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lar, but not branching, cells closely packed together with 
very little intercellular substance. 

An earlier operation, when the tumor was much smaller 
and the vascularity of the tissues much less, would very 
probably have been successful. It was proposed to the 
patient in Februarj-, four months before it was done. The 
delay, which he insisted Upon, was more readily submitted 
to because of his specific history, which induceil us to give 
him the benefit of the doubt and to try a nti -syphilitic treat- 
ment. If Horsley's dictum had been accepted, namely, 
that gumma is not curable by me<Iicine and should bo 
operated for (a dictum, however, which the experience of 
others in several cases does not support), an earlier opera- 
tion woidd perhaps have been undertaken. The size of a 
brain tumor has undoubtedly much to do with determin- 
ing the amount of shock resulting from its removal. 

Summari/. — In tliis case the diagnosis of the tumor 
of the brain was made from the general symptoms, 
headache, optic neuritis, and tenderness to percussion 
of the head, and from the local symptoms, mental dul- 
ness, slowness of speech, slight right hemiplegia with 
subjective numbness and occasional twitching in the 
paralyzed limbs. The situation of the tumor was de- 
termined by the slow onset of the hemiplegia, by the 
very marked mental symptoms, and hy the location of 
the tenderness upon the head. Attention has already 
been called to the value of the mental symptoms in 
the localization of the tumor, and no further com- 
ment upon them is necessary. This is the first case, 
however, in which operative interference has been 
BO distinctly directed by the existence of mental 
symptoms. 
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SeconiUg. CertMlar Tumors. 

As shown in Tabie lA'. (p. 216), 16 cerebellar 
tumors have beeo operated upon. In 9 cases tlw 
tumor was not foond. In -2 cases it was found, bat 
ooii]rl not be removed. In ?> cases it was removed and 
the patient recovered. In 2 cases it was removed and 
tbe patient died. 

The diagnosis of cerebellar ttimor is not difficult. 
The general symptoms of brain tumor are fully and 
rapidly developed, viz., headache; mental disturb- 
anc«, irritability, and apathy; vertigo; vomiting; 
optic neuritis, with or without blindness, and possibly 
general convulsions. These present tiiemselves in rapid 
succession l>ecause the situation of the tumor beneath 
the tentorium cerebelli is such as to obstiTict the 
venous flow from the ^-ena- Galeni and the free inter- 
change of fluid between and througli the ventricles, 
and to pr<xlu(e Ixjth general livdrocephalus and a 
stretching of the dura mater whicli are supiK)sed to 
cause many of the general j^ymptoms of brain tumor. 
It may be remarked that wliile headache is almost 
invariably present in cerelielJar tiunnr and is often re- 
ferre<l to the back of the head, it may be felt at any 
I>art of the head, and is as frequently frontal or tem- 
[Hiral as it is octipital. In nianv of the tumors here 
collected the headache was entirely frontal. The 
jmin does not indicate, therefore, the seat of the tumor. 
Tenderness to iM-rcussion over the (K'ciput is, hovrever, 
a valuable sign of (■(.•rubellar disease. 
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But, in addition to the general symptoms of tumor, 
there are local symptoms o£ great value. These are 
vertigo and cerebellar ataxia, or the staggering gait. 
The patient feels himself falling, staggers in walking, 
and often staggers toward one side with remarkable 
constancy. The occurrence of staggering indicates 
that the middle lobe of the cerebellum is either the seat 
of the tumor or is encroached uiwn by a tumor in the 
hemispheres. If it occurs quite early in relation to 
the general sj'mptoms, it is the middle lobe in which 
the tumor began. If it occurs late, after many 
months of suffering, the tumor has started in one hemi- 
sphere, given rise to general symptoms, and has at last 
reached the middle lobe and produced the local symp- 
tom. The question at once arises. In which hemi- 
sphere has it begun? And here we are often in the 
dark. Patients are said to stagger, in walking, away 
from the side on which the tumor lies. An analysis 
of 20 cases in which staggering to one side was 
a prominent and constant symptom shows that in 
16 cases the patient staggered away from the side of 
the lesion and in 4 cases toward the side of the lesion. 
No definite conclusion as to the side of the lesion 
can be drawn from the direction of the staggering. 
If there is no tendency towartl one side in walking, 
there may be a tendency to fall forwai-d or backward. 
As yet, no assertion is possible as to the significance 
of this symptom, as it is impossible during life to de- 
termine whether it is due to irritation or destruction 




HO BE&n STBGEBT. 

When tbeee Bymptoais fafl it is aoauetiiiMs pt^!ik 
to detennine which becnispbere is invaded br -it 
tumor, by ohaerving on whidi side cruniil sktu 
symptoms. Bucfa as stralHsmiis. faaal or Hngiial MB- 
thesia or paresis, deafneeB, or r«i!z«ctsan of Oe heal, 
api>ear. They asDally oome first en tbe eade cC Dk 
tumor, as this, by its presence, crowds the uavUbmu 
ilown upon tlie base of the Inain and preasu a tte 
ner^'es, or pushes it to caie side and stretebes At 
ut-rves. Paral)i*sis of one fourth n^-re. tiran^ &t 
cult to detect, is a valuable symptcnn, as it 
o«.-urs on the side of the tumor. 

Ily compressiug one side of the pons 
tumor may cause paresis or numbness, or ti 
ref]exe>« in the opjxMiite arm and leg. and tbeee sjmp- 
t^jms iiiiiy aid the diagnosis. 

Tlie diagnosis being made, the question of opeatiati 
ari.s<-s: Can tumors of the cerebellum be 
The cereliellum presents but one of its three 
to Die skull, and there is, as yet, no means of deter- 
mining whether a tumor is near that sarfaoe or not 
Any operation must, therefore, be primarily ex{to^ 
atory. 

In case a tumor is seen upon the exposed surface, it 
may be removed. But great care should be observed 
in the manipulations aiiout the cerebellar hemi^ibexw 
in order that the medulla may not be compressed, or 
tlie pneumogastric nerves torn or stretehed in the 
j)roce««. 

The figure <Fig. 5,i, page al^h..^ h„„ i^^ ^ 



TREPHININQ FOR TUMOH OF THE BRAIN. 241 

cerebellum lies in the Bkull and how imixfssible it is 
to reach its upper surface or its anterior lower sur- 
face. It is not surprising, therefore, that the diffi- 
culty of thorough exploration of the cerebellum has 
prevented the discovery of tumors in this part of the 
brain 

The following cases of cerebellar tumor, which have 
been diagnosticated by me and operated upon by Dr. 
McBurney, illustrate the symptomatology of the dis- 
ease and the difficulties of operation. 

Case XXII. Fibrosarcoma of the cerebellum and 
pons Varolii-^Staifgering away from the side of 
the tumor — Operation — Death. 

Male, agetl 30, was under my observation from Janu- 
ary, 1890, until December, ISfll, when he died. He was 
referred to tlio Nervous Department of the Vanderbilt 
Clinic by Dr. Weeks. When first seen he was su£fering 
from severe frontal and occipital headache ; from vertigo, 
which was much increased by moving the head suddenly 
or by lying down; from tinnitus aurium; from numbness 
in the left side of the face and in the month ; and from a 
verj- continuous feeling of drowsiness and dulness. Theae 
symptoms had developed gradually during the preceding 
three years; and within a year he bad also noticed double 
vision and a gradually increasing blindness. His friends 
said that his speech had become slow and thick. 

Examination showed a large, verj- dull, stupid man, 
with prominent ej'es, the left one deviating outward, 
diluted pupils and marked nystagmus on lateral movemfint 
of the eyes. Dr. Weeks bad found well-marked choked 
discs and a diminution of the visual fieliln. There was 
some slowness of speech which was accounted fur by his 
mental dulness, there being no evidence either of aphasia 
or of paralysis of the ttjngue. There was no disturbance 
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of sensation or ot motion or of reflex action, and Hkk 
vras no ataxia to bis gait. The existence of beailadie, 
Tprtigu, tinnitus auriuni, nystagmus, diplopia, andclic^^ 
discs establish«d the diagnosis of a cerebral tumor, but do 
conclusion regarding its localizatiuu could he reached. 
That the tumor was not a gumma U'as admitted, as h« 
4lenie<t all specific infection, yet be was put upon mercurj 
and iodide of jratassium on the supposition that he migbt 
li«ve acquired tbe disease without his knowledge. 

During the j-e«rlS;*Othe symptoms continued and giad- 
uiilly increased in intensity, so that by tbe 1st of October 
be bad become quite blind, with well-marked optic atro- 
])h>- ; and also deaf in the left ear, in which ear the tinni- 
tus auriiuuliad been iuKnse. By this time also local sjmip- 
tonis had develop«l which gave an indication of tbe site 
of the tmnor. There was a considerable degree of stag- 
geriiit; in walking with a tendency to fall forward and 
towurd tbe right, and a marked tendency to turn toivani 
tile rigbl in walking. In addition there was some weak- 
ness in bis right hand, the dynamometer registering only 
:j!< while it registered fiO in tbe left band. There was no 
ataxiii or disturlKince of sensation in tbe limbs. There 
Wiis no apparent difference in the power Jn the legs, bat 
the knee jerk was exaggerated on tbe risht side and a 
slight clonus was obtained on tbe right foot. 

The stag^ring was of tbe kind observed in cerebellar 
disease; a gait like that of a drunken man, without falling 
but with every appearance that the balance was uncertain. 
The t«indencj' to turn and to fall to the right was noticed 
on every occasion on which he was tested. 

Di'itf/iiosis. — The staggering indicated that the dis- 
ease was located in the cerebellum, and its direction to the 
right, while not considered sufficiently diagnostic to 
decide absolutely the (juestion regarding which side was 
involved, was thought to point strongly to the left side. 
This supposition seemed to be confirmed by a study of the 
other symptoms. The imtient had complained early in 
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the disease of pain aiid nmnbnesa in the left half of the 
face, thtnigh at no time did examination show any anges- 
thesia. He had also had much tinnitus in the left ear 
which had been followed by progressive deafness. His 
headache, which had at first been fi-ontal, was later referred 
with much constancy to the left occipital region, and in 
speaking of it he habitually put his hand back of his left 
car. The weakness of the right hand and the exaggera- 
tion of the spinal reflexes on the right side, taken in con- 
nection with left cranial nerve palsies, appeared to indicate 
some pressure on the left side of the pons and medulla. 

Thus the staggering to the right, the left cranial nerve 
pal^fies, and the right hemiplegia all pointed to a lesion 
in the left side of tlie posterior cranial fossa. 

The diagnosis was, therefore, made of a tumor on the 
left side of the cerebellum. The negative result of spe- 
cific treatment indicatod that it wan not a gumma, and 
the veri,- slow progress of the case indicated that it must 
be a slowly forming tumor, probably sarcoma, as such 
tumors are more common than any other kind. 

During the following year, from October, 18'J0, to Novem- 
ber, 181)1, the patient was seen occasionally, being appar- 
ently in a stationary condition. Finally, he was induced to 
enter the Roosevelt Hospital for operation. And then he 
was quite willing to submit, though knowing the dangers, 
because bis life was a burden, for he was blind and partly 
deaf and suffering from severe headache, vertigo on any 
movement, and such exaggerated staggering that he could 
not go about. A careful examination in the hospital on 
December 1st, 18iH, cmfirraed the existence of all the 
symptoms hitherto mentioned, but failed to elicit others. 

Operation by Dr. McBurneij on December 3rf, 1891, — 
Ether anaesthesia. A vertical tongue-shaped flap was 
marked out with the knife over the left half of the occi- 
pital bone. The upper free convex border of this flap cor- 
responded nearly to the fujjerior curved line of this bone. 
The attachetl base was on the back of the neck about op- 
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'he incision m I 
le coverinjs w«e 



posite the second cervical vertebra. The ; 
carried down to the peri<isteum and all the covering w 
I«mo^'ed in one flap. Experiments on the cadaver had 
satistietl the operator that the t^afest and most courMiieat 
method of entering the cerebellar fossa -was by the use of 
the chisel and mallet. This nietliod was adopted here, and 
ail opening about one and a half inch in diameter was 
made through the thin bone, care being taken to be far 
enough away from the lai^ venous siuu&es. The dura 
mater was not diseased, but bulged verj' strongly through 
tbe opening in the »kull in such a manner as to at omv 
sug^st intracranial pressure. Protrusion of cerebellar 
tissue was still more marked after the dura had been 
turned back as a flap from over its surface- Otherwise, 
however, the siu^ace of the cerebellum was normal in ap- 
pearance and palpation failed to giveeWdeuce of theexisi- 
eiice of tumor. It was found to be ijuite easy to introduce 
the linger for some distance into the skull on all sides of 
the cerebellar hemisphere, to thus examine a lai^^ part of 
its surface, and to distinctly palpate the lateral and vertical 
sinuses. But nowhere could the existence of a tumor be 
demonstrated. So much protrusion of cerebellar tissue 
existed that it was necessarj-, in order t*) close the openii^ 
in the skull at all satisfactorily, to shave off the excess, 
ivhich WHS done with the less compunction as even the 
gentle manipulations practised had somewhat injured the 
delicate surface convolutions. Hemorrhage throughout 
the operation was very moderate and easily managed. The 
Haps of dura mater and overlying soft parts were then re- 
placed, fastened in all deeper parts with catgut, the akin 
wound beingsewed completely with silk. A wet bichloride 
gimze di-essing was applied over all and the patient was 
removed to beil in excellent condition. 

Convalescence was perfectly satisfactory, and on Decem- 
ber !'th, six ilays after the operation, the temperature 
being SiO" and the |>ulse 100. the dressing was changed for 
the first time. Primary union was found throughout the 
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whole extent of the wound, and all sutures were re- 
moved. 

During the following night the patient fell out of bed, 
and immediate examination revealed the presence of a large 
blood-clot beneath the akin flap. No other injury seemed 
to have resulted from the fall, but at 3 p.m. on December 
loth a chill occurretl followed hy a temperature of 103". 

DifiBculty in swallowing was then noted, and although 
at the end of two days the temperature fell to ^'J°, stupor 
gradually increased and involuntary evacuations of rec- 
tum and bladder began. The wound remained aseptic 
throughout, but the stupor deepened into coma and the 
patientdied on December 15th with a temperature of 105°, 

The autopsy showed the presence of a tumor, a glio- 
earcoma, whose limits were quite distinct from the cere- 
bellar tissue, though it was not encapsulated. 

It lay on the base and compressed the left hemisphere of 
the cerebellum and especially its anterior inferior (ventro- 
cephalad) surface, and also pressed upon the left half of 
the pons Varolii at its lateral part. The left crus was 
slightly indfnted hy the tumor, and the fifth uerve had 
been flattened out by it without Iwing so pressed upon as 
to be degenerated. The auditory and facial nerves were 
also compresseil by the lower part of the tumor. 

The situation of the tumor was such as to have made it 
absolutely impossible to have reached it by operation, 
unless indeed the certainty of the situation of the tumor 
had been so complete as to justify full section of the cere- 
bellum. It was almost identical in situation and appear- 
ance with a timior reported by Woltenberg in the Arch, 
fiir Psych.. XXL, p. 7'J\. 

Case XXlTf. Qlmmn of the. cerebellum — Chnracteris- 

tic staggering — Oppratwn — Death. 

A little girl of 7 years of age had suffered for a year 

from severe headache all over the head, but chieHy in the 

forehead, from severe vomiting and from gradually ad- 
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TanctngblimlDess, due toftpm^ressiveoplicneuritis. F>;i 
three months before she was seen it had beeu difficult for 
her to Witlk, ou aix-ouut of a tendency to stagger and i>n 
account of dimness which was undoubtedly due in part 
to nystagtnus, which was observed eai'Iy in the hisbiry. 
The staggeriog was very marked, so that during the last 
month she cuuld not walk without aid. She did not up- 
pear to staler in any one direction constantly, but there 
was some tendency to tall backward and slightly to tiie 
left. She complained at times of earache in the right ear, 
hilt there was no evidence of cranial ner%-e palsy or of 
hemiplegia. 

Tlie dmgnosis of cerebellar tumor in this case was 
quite evident, but the only clew to the position of the tu- 
mor was the tendency to stagger backward and to the 
left. It was thought probable that the tumor was in 
the vermiform lobe of the cerebellum, more likely upon 
the right than upon the left side. The absence of cranial 
nerve symptoms showed that it was not near the base. 
The operation was, therefore, undertaken. 

Opviati'iii. — The operation was done by Dr. McBui 
on DecenilH?!- 2Hth, ISi'I. Ether narcosis. A horseshi 
shapetl incision with the convexity upward was made oi 
tlie right half of the occipital bone. The upper part of 
incieion lay a little above the superior cxirved line of 
bone, and the flap which was then turned down inclui 
all of the soft fissures excepting the periosteum. The 
of the flap was left attached to the upper part of the ni 

With chisel and mallet a considerable plate of bone wi 
removed from over the centre of the cerebellar fossa, 
the opening was then enlarged with rongeur forceps 1 
much as wa-s safe, having due regard for the venous i 
gpa The dura obtruded forcibly hut otherwise app( 
1 ^ large flap of dura was then cut and laid I 
** ,. ^,n]v normal cerebellar convolutions. Examir.- 
'^'^ f tlie sides and under surface of the cerebellum gave 

Kwfonnation. ' —^ 



A probe was then passed some distance. 
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about one and one-half inch into the brain substance, 
but no abnormal resistance was enconntereJ. 

An aspi rating-needle introduced about one-half inch 
from the meilian line and ijamllel witfi the base of the 
skull entered a cyst from which two drHchms of clear 
serous iluid was withdrawn. 

A second introduction of the needle failed to detect the 
cyst and it was deemed unwise to make further explora- 
tion. The flaps were then replaced, being stitched deeply 
with catgut and superficially with silk. Hemorrhage 
during the operation was not troublesome, but before its 
close the patient showe<l the effects of shock. She rallied 
well, however, after rectal stinmlatiiiii, and on the day fol- 
lowing operation seemed about as well as on the day before 
it, at intervals complaining of headache only. Two days 
■ later complaint was made of pain in the ears; the wound 
was dressed and found to be aseptic. The temperature 
since operation hail remained normal. 

On January 4th, six days after operation, vomiting oc- 
curred repeatedly, the pulse became weak, stimulation had 
no effect, and the patient died suddenly in a convulsion at 
midnight. 

The autopsy revealed a large glio-sarcoma, two and one- 
half by two by one inch, which occupied the vermiform 
lobe of the cerebellum and extendetl into both hemispheres, 
chiefly into the right one. It lay just under the superior 
surface of the cerebellar cortex, but it nowhere reachetl 
the surface of the cerebellum. It projected downward, 
compressing the fourth ventricle. Its consistency was 
about that of the cerebellum, and in its centre was a cyst 
which had been evacuatetl by the oi)eration. 

Case XXIV. Glioma nf the cerebellum — Stugijering 
to the left — Right cranial nerve palsies — Oper- 
ation — Successful removal of the tumor. 
W. W., aged 10, of good family history, biul been in 

perfect health until October, IBD'J, when he began to suffer 
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he was unable to whistle on account of inability to close 
the right half of the mouth. His hearing was decidedly 
defective in the right ear, both to uei've conduction with 
a tuning-fork and to the watch. His reflexes were dimin- 
ished in both knees. His gait was distinctly of a stagger- 
ing kind, and numerous tests revealed a marked tendency 
to stagger toward the left side. He described his head- 
aches as being agonizing and referred them entirely to the 
frontal region ; the skull was slightly tender to percussion 
over the vertex. The headache was much increased by 
a lecumbent posture, so that for many nights he had sat 
up all night. 

Diagno.tin. — The headache, vomiting, vertigo, mental 
duhiess, and optic neuritis indicated clearly that the Ixiy 
had a tumor of the brain. The cerebellar gait indicated 
its location in the cerebellum. The tendency to stagger 
to the left side, together with the deafness in the right ear 
and a slight weakness of the right side of the face and 
right abducens muscle, indicated that the tumor was upon 
the right side of the cerebellum and near to the base. 
An operation was therefore recommended. 

Operation. — On March 15th Dr. McBumey operated 
at the Roosevelt Hospital in the presence of Dr. Piersoa 
and Dr. Kipp. The occipital bone was exposed upon the 
right side by a horseshoe-shaped incision, and an opening 
was made in the bono below the superior curveil line one 
and one-hilf by one fmd five-eighths inches in size. The 
opening was made by chiselling and by enlarging the open- 
ing by the rongeur. There was no adhesion of the bone 
to the dnra. The dura was seen to be verj- blue, over 
two-thirds of the region exposed. On dividing the dura 
a cyst containing about a drachm of yellowish-green 
fluid lying upon the surface of the cerebellum was opened. 
"When the dura was laid back and the wall of this cyst 
removed it was evident that a tumor was present, lying 
upon and in the cereliellum and extending toward the 
median line lieyond the area t'xi>osed. It being impossiiilo 
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to get at this tumor through the small opening made a 
account of the extreme btilging of the cerebellum, 
tion of the cerebellar tissue was cut off and thus ac< 
was gained to tlie tumor. The tumor watt soft gray e 
very friable, having the consistence of jelly and being v 
vascular in structm-e. In attempting to remove it i 
within it was ruptured and about a drachm of clear velioi*" 
fluid lowed out. By the aid of a sharp spoon the tumor 
was Hcraped out from within the cereliellum. After all 
accessible tumor tissue was removed, the cavity remain- 
ing in the cerebelluni was an inch and seven-eighths in 
depUi by about an inch in the other directions and ad- 
mitted freely the finger of the operator. There was no 
distinct wall or capsule to the tumor, but as far as possible 
all tumor tissue was t^ikeu away, leaving clear cerebellar 
tissue about it. Hemorrhage was arrested by pressure by 
sponges introduced into the cavity, and when it was reduced 
to slight oozing the cavity was allowed to fill with blood 
and a riihber tissue drain was introduced. The wound 
was then closed, the dura and scalp being stitched with 
catgut ligatures and the skin united by silk. The entire 
ojieratiou was completed within an hour, but the shock m 
considerable and the boy required rejieated stimulatio] 
before being removed from the table, 

He raUietl well, however, and the next day was ■ 
comfortable. He bad no headache, had not vomited t 
nystagmuH had ceased, and he had no trace of the fad 
paralysis. His knee jerks were higlier than before i 
operation. His mind was clear. During the follow 
week he continued to improve.' 

In the following tables' all cases of brain tumd 
thus far operated upon are tabulated. The first tab] 

'This case was milled whil-e this work wae in press. The f 
result will !«• piiblialiml later, 

< This list IB inndt.- up from KnappB list and from n searrh throin 
tJw current journaU froin January, I8B1, to Januarv, 1883. 
covered id, died.) 
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contains a list of the tumors found at the operation, 
their situation, and the result. The second table con- 
tains a list of the cases operated upon in which the 
tumor was not found at the operation, but was dis- 
covered at the autopsy. 



Table v.— Tckors SU' 



LLY Reiiove: 



Frnutal. 

Durante, . . . Lftneet, Oct. 1. 1S87 

Macewen, . . . Brit. Med. Joiir., Aur. U, 1888, . 
Barton. . . Annals uf Surgery, January. 1889, . . i 

Booth and Curtis, . Trane. N. V. Neurol, Jour., December, 
1803 (recurrence), .... 
Starr and JIcBurney. . Amer. Jnur. Med. 8ci,, April, 1893, . . i 



Birdsall and Wei 



Macewen, . 
Bennett and (iodlee, . 
Hirchfelder and Morse, 
Horaley, 



Phil. M.'d. News, April Ifl, 1887. 

Ceiitriil 
Lancet, May 16, 1885. 
Med. Chir. Trana., 188,1, Ixviii., 2^ 
Pacific Med. Juur. , April, !88((, 
Brit. Med. Jour.. April 33, 1887, ! 






Lucas Championn 
Ballet and Pean, 
Fitzgerald, . 



(Ir 



L-^), 



Fischer, 



Thomas and Bartlett. 
Lilt ion t and Page, 



Lancet, Aug. 

Amtr. Jour. Med, Sci., Jnly, 1888 (recu; 
rence) ...... 

Amer. Jour. Med. Sci., Oct., 1888, , 

Jour, de Med. etde Chir., 18as. 308. 

Bull. Soc, -■Vuat. d« Paris. May. 1889, 

Sujoua" .Annual, vol. ii.. 1888, p. 36. 
. Brit. Med, Jour.. May 19, 1888, 
. Verhaud, Dent, Gesell. Chir. , 1888. p, ' 

(recurrence and died). 
, Trans, Anier. Inst, Homceop.. 1880, 464. 

Brit. Me.1. Jour., Oct. 26, 1889 {recu 

Brit. Med. Jour. . Nov. 80, 1889, 

Rev, Med. de JaSuisscRiHn., August. 1889 

lunltnownrmult). 
Cliirur, B.'liimd, d. Himk.. 1889. p. i;t7. 



OWref. 

rch. Vmo, . . . , 

Bn». Mr* ud Sar^, Joor.. April. I'M 
Ahv. Job. li«L Sci_ . July. 18M invoi 



. DerLkam-WorCi.,JuJ>r. 1S80 (i«L-iUTeDoc4 

A )l«l Joor.. Jolr. t!«0. . 
. :(*«iul. CnttmL. Aa^nat. ISftO. 
La IHTdiMtTi*- i^«a asi. 
Amrr. JtMT- SIrf. Sci., September, IMi 
%rarr<i CMinmL . Oct. 15. 1890. 
L>Sesi- M(J-, April. 1»91. 
. La^mb. M*^ . A{wil. 1?W1. 
. UtSnn. 31«1 . April. Iftai. 
. Brit. Hed. Jinr.. Mar. I-l. IBBl. 
. L* Trih. MrA . June. 189^ 
. Ifcri- klin- Woch.. July, IWK. 
, Bnt-Uui-Woch-. Jul}-.lti92 (reeorrenc* 
. DmU. bit- NeTTHibeilk. , July, IMM) (c 



Howley. . 

M«y. ■ 

SiMiklitig, 

Mautui«U. 

StfliT and McBumey. 



Rm. dfClur-. sii.. 412. . 
. LiiSnn. lUA. December. 1S53. 3 caM 
. Annab Saig««7r. Dn^mber. 189S, 

. Rev. .le i'hir. November. IS»2, 

. S. y. M*J. Jimr,. January, 1888. . 

Bryiau Sot Slatrd. 
. Brii- Med. Joor.. Dec. 9. 18B0; 4ca8es. 

ilied 

. Traill Intercut. Med. Coag.. 1880, ii., dT 

C'wrtn'HMni. 
. Brit. Med. J.>ur.. April 28. 1887. . 
. Lanrat. April 18, 1887, . 
. Louc*t. Oct. 1. 1897, 

. New Zealanil Med. Jour.. IWit. ii., 1.51, 
- Case XXIV. . |i«ge 247. . 



TABL.E VI., 



pan* and Pitchw, 
j^bridge. . 



-TrMoRs Trephineii foh but Not Foini 
JVoiifdi. 
. N- Y. Med, Rer., Feb. 0, 188B. 
, Kna|>p."IntTarraiiial tiniwtha. 
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Table VI.— -Tumors Trephined for but not Fovsd.— Continued. 

Temporal. 

Eraser Lancet, Feb. 27, 1886. 

Wood and Agnew, . . Univ. Med. Mag. , April, 1889. 



Putnam and Beach, 
Stoker and Nugent, 
Twynam, . 



Sands, 
Sciamanna, 

Hammond, 
Robs and Heath, 
Seguin, 
Morse, 
Dobson, 
Gray, . 



Parietal. 

. Bost. Med. and Surg. Jour. , April, 1890. 
. Dublin Jour. Med. Sei., October, 1890. 
. Aust. Med. Gaz., May, 1892. 

Central. 

. Phil. Med. News, April, 1883. 

. Bull, de R. Accad. Med. di Roma, 1885, 

xi., 75. 

. Jour. Ner\'. and Ment. Dis. , Jime, 1887. 

. Lancet, April 7, 1888. 

. Bost. Med. and Surg. Jour. , Feb. 5, 1891. 

. Pacific Med. Jour., Feb., 1891. 

. Lancet, May 14, 1892. 

. Brain, 1892, Ixi. 



Pons. 
Keeciey, .... Lancet, Sept. 21, 1889. 

Basal Ganglia. 
Kerr Occid. Med. Times, February, 1890. 



Mitchell aarke, 



Horsley, 

Seguin, 

Chisholm, 



. Brit. Med. Jour., June 13, 1891. 

Region iVof Stated. 

. Brit. Med. Jour. , Dec. 6, 1890, 6 cases. 
. Bost. Med. and Surg. Jour., Feb. 5,1890. 
. Aust. Med. Gaz. , May, 1892. 



Maudsley and Fitzgerald, 
Amidon and Weir, 
Wyman, 



Cerebellum. 

Lond. Med. Recorder, June, 1890. 
Annals of Surger>% June, 1887. 
Phil. Med. News, February, 1890. 



Springthorpe and Fitzgerald, Aust. Med. Jour., November, 1891. 



Lampiasi, . 

Bullard and Bradford, 

Knapp and Bradford, 

Potempeki, . 

Stewart, 

Starr and McBumey, . 

Starr and McBumey, . 



. Wien. med. Wochen. , May, 1887. 

. Bost. Med. and Surg. Jour. , April, 1890. 

. Knapp's Case XXIX. 

. Annals of Surgery, December, 1892. 

. Amer. Jour. Med. Sci., Nov., 1892. 

. Amer. Jour. Med. Sci., April, 1893. 

. Amer. Jour. Med. Sci., April, 1893. 
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without great loss of brain tissue and consequent 
shock. It is not to be forgotten that these tumors are 
liable to recur. The chances of success are fairly good 
in cysts of tlie brain, provided the wall of the cyst is 
excised or the healing of the cyst from adhesion of its 
walls can be secured by permanent drainage. To 
empty a cyst and close the wound merely invites a 
refilling with fluid and is useless. 

Secondary carcinoma and sarcoma are not favorable 
for operation, as the chances of their recurrence are 
great and the endurance of the patient is impaired b}' 
the primary disease. 



CHAPTER VII. 

TREPHININO FOR HYDBOCEPHALUS AND FOK 1 
REi:i£F OF INTKACBANIAX. PBBSSUaE. 

Hydr(H-i' phalli h. Tapping Uii- Lateral Ventricles. Keen's C 
Robxou's Coaes. Broca'sCases. General CoucIusiods. Mel 
of Oi«ratiaa. Trephining to Relieve Intiacr&niaJ Preasiix 

There are certain cases of disease within the era 
cavitywhich are attended by a distention of the lat 
ventricles with serous fluid. The exact patholog 
acute congenital hydrocephalus is not understood, 
secondary acquired hydrocephalus may be due to 
inflammation of the lining membrane of the ventri 
to tubercular meningitis, or to venous stasis prodr 
by pressure ujion the veins of Galen. Tumors s 
ated in the corpora (luatlrigeraina, or in the crus o 
bri, or in the middle lobe of the cerebellum, wl 
produce pressure upon these veins are commonly 
tended by a great effusion of serum into the latt 
ventricles. Distention of the ventricles is not ne< 
sarily associated with cedema of the pia mater of 
convexity. 

It is [perfectly easy to recognize the existeDce 
hydrocei)halua occurring within the first three ye 
of life by the characteristic distention of the head, b 
the imjierfect or delayed closure of the fontanelles s 
sutures. When in later life the bones are so fin 
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^Bmited as to resist any intracranial distending force 
Bf&e symptoms of an accumulation of fluid are very 
similar to those of brain tumor, viz., headache, optic 
neuritis, vertigo, vomiting, slow pulse, strabismus, and 
mental apathy. In the latter case it can never be de- 
cided clinically what is the cause of the symptoms, 
whether a Vjrain tumor rapidly growing and of large 
size, or an accuraulation of fluid in the ventricles of 
large amount, associated perhaps with a verj' small 
tumor. But in any case it is a natural conclusion 
that the only ])Ossib!e relief for the patient is to he 
obtained either by arresting the accuraulation of fluid 
or else by letting it out. The object of medical treat- 
ment by purgation, by mercurials, and by iodide of po- 
tassium in such cases is to arrest the secretion of fluid, 
and this rarely if ever succeeds. The surgical treat- 
ment by opening the skull and giving exit to the fluid 
is really the only one which promises much relief. 

For many years hydrocephalus has been treated in 
children by tapping the ventricle through the anterior 
Eontanelle with an aspirating needle or by trocar and 
canula. The operation has been recorded as far Itack 
as ll>f!7, it Ijeing said that Dean Swift, when a baby, 
was tapped in this manner. The usual method pur- 
sued has been to introduce the needle through the 
anterior fontanelle at one of its lateral comers, to 
press the needle or trtx-ar deeply into the brain, and 
thus reach the anterior horn of the ventricle through 
its roof. This procedure is still practised, and several 
successful cases were rejxjrted as late as i>^01 by 
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take the operation of tapping the ventricle and thus 
relieve the condition of intracranial pressure by the 
fact that in a previous case, where he had made an 
exploratory trephining for supposed abscess in the 
temporo-sphenoidal lobe and had introduced a drainage 
tube, the autopsy had shown that the presence of this 
drainage tube had not produced any inflammation of 
the brain. The operation upon the boy was made by 
trephining at a spot one and one-fourth inch above 
and one and one-fourth inch behind the left auditory 
meatus, and by puncturing the brain with a hollow 
needle which was directed toward a jioint two and 
one-half incliea above the opposite meatus. At a 
depth of about one and three- fourths inch, resistance 
to the passage of this needle suddenly ceased, and the 
cerebro-spinal fluid began to escajje; three double 
horsehairs were then passed into the ventricle and 
the tube was withdrawn. The drainage thus estab- 
lished was kept up for fourteen days, when the horse- 
hairs were replaced by a rubber drainage tube. On 
the twenty-eighth day after the oi)eration, the symp- 
toms returning, a cori'esponding operation was i)er- 
formed ujKin the right side and the drainage tube was 
passed din-ctly into the right ventricle. On the thirty- 
second day the ventricles were washed out from aide 
to side with a warm boric arid solution, eight ounces 
lieing run in, and two ounces only escaping. The 
child was very restless at the beginning of this pro- 
cedure, hut as it was done he said that "it felt good." 
Irrigation was continued sul)se<]nently at intervals, 
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left ventricle was tapped through the arm centre and 
fluid evacuated, but tiie child died about four hours 
later. 

In liis article recording these cases Keen refers to two 
cases reporteil to him by letter by Mayo Bobson. 
These cases were as follows: 

A girl 10 years old, without preceding illness, began to 
have pain in the left ear and was feverish, December Ulth, 
1888. In three days a discharge foUowed, which gradu- 
ally lessened, but was still present a month later when 
admitted to the hospital. There had been also rigidity of 
the neck and twitching of the right angle of the mouth. 
No vomiting; slight mental disturbance. On admission 
to the hospital January I'Jth, 1880, temp, was 1(15°; she 
complained of pain in the left side of the head; there was 
paresis of the right arm and leg, which gradually devel- 
oped into complete hemiplegia and aphasia. Optic discs 
inflamed. Kobson trephined February ~tb, 18811, over 
the arm centre; the dura was found healthy. On expos- 
ing the brain it did not pulsate, and seemed to be com- 
pressed. An exploring needle wan j>asse<l deeply in various 
directions in the hope of reaching pus, but failing to find 
any the nee<lle was pushed into the lateral ventricle and a 
half ounce of clear fluid was ttrawn ofif. After this pulsa- 
tion retumetl in the brain. The wound was closed, no 
drainage being erapl<iyed. Ou the next day there was 
slight power in the arm, soon after in the leg, and on the 
third day she could answer simple questions. Within a 
month the hemiplegia was gone, and six months later nhe 
was perfectly well. 

This case cannot be calleil one of draining the ven- 
tricle, but merely of an accidental tapping in despair 
at failing to find an ;ibsress. I have cited it as it has 
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given rise to a tliscussian regarding priority in the I 
oi>eration. ' 

RoIkod's second case was one of an infant saffering 
from rapidly increasing h>-droce[dialas following tM«- 
menl of spina bifida by Morton's injection. The sM 
was trepbinm] an inch in front of iJie fissure of RolasJo 
over the second frontal convolution. Tbe dura was opened, 
and the needle of an exploring svringe was inserted inki 
the ventricle, which was reached an inoh from tbe cerebral 
surface. By means of Lister's sinus fonr^pe a robber 
drain was insert«d, following tbe needle as a guide. TV 
drainage was so free as to wet tbe dressings fieelv. and 
after it the patient seemed much relieved. The draiiuige 
soon became less free, and on the third dar tbe child diwl 
in t»nvnlsion8. Tbe post-mortem showed that the brain 
bad shrunk so much that tbe end of the tube was lying 
between the dura and tbe brain. 

In the Revue de Chinirgie for January. 1 ,S91. Broca 
gives a translation of Keen's article just cited and 
describes two cases of tapping the ventricle, one bv 
himself and one by Thiriar of Brussels. 

Bn.Ka's patient was a lx>y of 4 years of age. who 
had suffered from hydrocephalus and was an imbecile, 
and who had a contracture of the right arm which had 
followetl a series of con\-ulsions. The trephining was 
di>ne at the p«nnt indicated by Keen, three centimetres 
abi.>ve and three centimetres behind the left auditory 
meatus. It was noticed that there was no pulsation 
of the dura or of the brain w^heu this was espoeed. 
Broca punctured the ventricle with a trocar and canola 



' Brit. Med. Jour., Feb. 2d, 
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and evacuated sixty grammes of fluid ; he introduced 
a drainage tube through the canula and allowed it to 
drain into the gauze dressings, which were changed 
every day or two. Pulsation returned in the brain 
after the operation. On the sixteenth day a very 
marked improvement was noticed in the child, the 
contracture in the right arm having disappeared. 
The amount of fluid drained away became progres- 
flively less, and on the fiftieth day after the operation 
the wound had entirely healed, and the child was dis- 
charged from the hospital very much better physically 
and mentally. This is the first successful case on 
record. 

The case of Thiriar was one of epilep-sy and hydro- 
cephalus with very great exophthalmos and nystag- 
nnis. Drainage was established and the ventricle 
washed out. The exophthalmos and nystagmus en- 
tirely disappeared, but several days later the child died 
in convulsions. 

From a review of these cases it is evident that tre- 
phining in hydrocephalus with drainage of the lateral 
ventricle is a jxissible and fairly safe operation, and 
when the hydrocephalus is not secondary to some in- 
curable affection, the operation may he attended by a 
cure as in Broca's case. It is never possible to deter- 
mine absolutely in the presence of a case of hydro- 
cephalus, whether the distention of the ventricle is 
primary or secondary. In every case, therefore, tre- 
phining should be done, for if the disease is primary it 
may be cured, and if the disease is secondary the 
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patieut will die and the operation vnU not necessariW 
hasten the fatal termination. 

A few cases of rapture of the lateral ventricle, ot 
abscesses and hemorrhages rupturing into the lateral 
ventricle have been gathered by Keen in his paper 
upon the surgery of the lateral ventrirles. but in con- 
ditions of this character it is impossible to make a 
diagnosis sufficiently early to attempt trephining, and 
where trephining has been done in such cases the 
actual condition has uot been diagnosticated before 
the iiperatiou. It is true that these cases do not all 
die, and Keen has shown that when they have been 
o|K'rated upon a few have recovered, but surgery of 
this character is not to be commended, being venture- 
Biime and not based upon accurate diagnosis. 

Tlie operation for reaching the ventricle and drain- 
ing it, according to Keen's directions, seems to be a 
simple one. The trepliine opening is to he small, one 
iui!h in diameter, and to l>e made one and one-fourth 
inch above and one and one-fourth inch Iwhind the 
extenial auditory meatus, and the direction of the 
puncture of the brain, which is best made with trocar 
and canula, should be toward a point two inches above 
the opjxjsite auditory meatus. Birmingham has shown 
that at this point there is some danger of opening into 
the lateral sinus, and recommends placing the tre- 
phine one-half inch higher. The drainage should be 
kept up by a large bundle of horsehairs, as drainage 
by a tul)e gives exit to the fluid at too rapid a rate. 
If the drainage is not free. Keen recommends that a 
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similar operation be done upon the opposite side and 
the ventricle be imgated with a warm boric acid 
solution. 

The nearness of the descending horns of the lateral 
ventricles to the surface when the ventricles are dis- 
tended with fluid is well shown in Pig. 5'J. 

This operation is necessarily one of very limited 
apphcation, and when it is considered that its result is 
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to relieve symptoms rather than to remove ;i patho- 
logical condition, it becomes evident that it is not an 
attractive one either to physician or surgeon. 

Trephining has been done in a number of cases of 
brain tumor with a view of relieving the general in- 
tracranial ])ressure when the situation of the tumor 
was unknown but the symptoms were exceedingly 
severe. Horsley reported at the Berlin Congress six 
cases of "ex|>(>sure of cembral tumor for the relief of 
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pressure symptoms with recovery and immediate union 
in aU." As he also reported the number of cases of 
cerebral tumor which he had remove*! (8), it is to be 
supposed that in these cases no tumor was foiintl. 
Mills, Enapp and Bradford, and others have noticed a 
relief of the symptoms in cases of brain tunaor which 
had been trephined even though the tumor was not 
removed. Trephining in this case is, of course, merely 
palliative, and yet it may prolong life for several 
months and hence may be employed. It seems to be 
best in such cases to tap the ventricles, since these are 
nsually distended with fluid. If this is done. Keen's 
method already described should be the one adopted. 



CHAPTER YIII. 

TBEFHINIITO FOB INSAmXY. 

Traumatic Insanitj' in Relaliou to Insauit 
Ca»eaOperatedU]ion. TrfjihiniDg in( 
nesB of the Operaliuii. 

While it is perfectly evident to any one familiar 
with mental disease that trephining has no place as a 
nietliod of treatment in general, yet there are a few 
cases upon record in which the symptoms of mental 
derangement have developed immefliately after a seri- 
ous injury to the head with or without depressed frac- 
ture of the skull. The percentage of cases of insanity 
traceable to traumatism is small. Kieman ' states 
that 45 cases in 2,20{i cases under his care were trau- 
matic. Hays' found til cases in 2,5Uil under his ob- 
servation; two per cent is therefore a fair estimate. 
In these cases the apparent connection between the 
injury and the development of the mental symptoms 
is so clear as to leave little doubt that the insanity is 
due to the trauma. Under these circumstances tre- 
phining has been thought of and has been successfully 
practised as a method of treatment of the mental 



Dr. Carlos F. MacDonakl reported such a i 
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long ago as 1S.S6,' and collected other cases of the 
same character which had been recorded prior to that 
time (see page i!5). 

Frank and Church have reported ' a case of a young 
woman who developeil delirium immediately aft«r a 
severe injury to the head. She Iwcame constantly 
worse and finally was so unmanageable as to require 
asylum restraint. She suffered from the ordinary 
symptoms of mania, which became chronic and went 
on to complete dementia. She was destructive at 
times, noisy, but for the most part sat idly silent and 
stupid. This condition remained from April. 1SS4, 
until February, 1889, when she was admitted to St, 
Elizabeth's Hospital, Chicago, and cai'efuUy examined 
by Prof. Brower. 

The diagnosis was " that the insanity was caused by 
the injury, because of the absence of any other possi- 
ble cause and the immediate connection between the 
two; that the injury need not have produced fracture 
(ir depression of the skull to have resulted in insanity; 
that the depression of the skull found might l»e con- 
jionitjil, but its .situation over the right parietal region 
made it possible that it might be the cause of the in- 
siiuity; that this possibility justified exploratory tre- 
phiuiug. and that the danger of the operation was so 
slight that it should not weigh against the possible 
benefit." In accordance with this ojjiniou Dr. Piank 
trephined, removing a large ix>rtion of bone about two 

' Amer. Jmir. M(^l. 8<ri., July, 1886. 
' Anier. Jour. Med. Sci., July, 1880. 



TREPHINING FOR INSANITY. 269 

inches in each direction from the anterior part of the 
right parietal bone. On dividing the dura a consider- 
able amount of cerebro-spinal fluid gushed out. No 
gross lesion of the dura or brain was found. The 
wound was closed after the buttons of bone had been 
replaced. During the following six months the im- 
provement of the patient was very striking, though 
her mental powers were still very feeble, but in Feb- 
ruary, 1890, she was readmitted to the hospital in 
about the same condition as a year before. The sec- 
ond operation was performed March 24th, 1890, at the 
same location as the first. The buttons of bone were 
found to have united with the skull, but the small 
fragments which had l)een replaced had been absorbed. 
A large section of bone was removed, the dura and 
brain were again explored without finding anything, 
and the wound was closer!, this time without replacing 
the bone. A month later the patient manifested a 
considerable degree of intelligence, memory, and ap- 
preciation of her condition and surroundings; she 
showed natural (^motion when told of a slight illness 
of her father, and read a letter without difficultv. 
She presented a great contrast to the condition which 
had been manifest before the operation. This im- 
provement had continued up to the time of the 
rejx)rt, one month after the second operation was 
performed. 

While this case cannot be regarded as a marked 
success, the report having been made too soon to war- 
rant any general conclusion, it gives evidence that the 
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course of a dementia following trauma may be influ- 
enced by trephining. 

Dr. Keen reports the following case : A male, aged 
44, after a fall from horse developed delusional insan- 
ity. He heard imaginary voices and these led to 
delusion. These delnsious led in July, ISJtO, to an 
attempt at suicide; the imaginary voice told h im that 
he was about to be killed by some one pursuing him, 
and another voice said. "Don't let them kill you, but 
do it yourself." Accordingly he procured a i-evolver 
aud shot himself, but recovered from the wound. For 
several months later his delusions continued and hal- 
lucinations of sight were also present. In October, 
isyi), he complained of constant headache, especially 
iu the right parietal region which was the seat of the 
injury, and he heard voices constantly. He had no 
delusions of persecution and was quiet and docile; 
there were no physical symptoms of brain disease. 

Dr. Keen trephined October l"th, 1S90, over the 
depi'essed bone. The scalp was adherent to the skull, 
the iMine was rather thin, the dura was adherent to 
the iKinc, there were no adhesions to the pia, and the 
brain ajiijeared normal. He made an uneventful re- 
covery and was up two weeks after the operation. 
The pain in his head was verj- much less, and he did 
not hear voices nor did he have any delusions after 
tiie ojjeratinn. Six weeks later he was considered by 
his wife and employer much more rational than he 
had been, and was able to do light work. The im- 
provement was not, however, ijeiTuaneut, and four 
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months later he was reported in about the same con- 
dition as before the operation. 

The number of cases thus far trephined for trau- 
mati<' insanity is too small and the operation has been 
l>erformed at a period tori far removed from the 
trauma to warrant any definite conclusion as to the 
propriety of this form of treatment. But it seems 
probable that in appropriate cases, where the derange- 
ment begins soon after the trauma and where an 
injury of the skull is evident, an early trephining may 
cut short the mental disease and prevent ita going on 
to a condition of chronic dementia. 

The mental symptoms which are likely to develop 
after injury of the head are those of mania or of de- 
mentia, other forms being rarely recorded. There is 
no reason to conclude that insanity not traumatic in 
origin is amenable to surgical treatment, and Burck- 
hart's proposal made at the Berlin International Medi- 
cal Congress, to trephine in dironic cases and make in- 
cisions at random into the brain, deserved tlie severe 
censure which it met with. 

Trephining has been proposed as a form of treat- 
ment of general paresis, and it has been jrerformed in 
several cases under the direction of Batty Tuke and 
Claye Shaw in England, and by "W'agner in this coun- 
try.' In some of these cases it has failed to produce 

'Claye Sliaw; Brit. Med. Jour.. Nov. 16tU, 1889. RevioKlDH: 
Brit. Med. Jour. , Nov. 28d, 188B, T. Baity Tuke : Brit. Meil. Jour. , 
Jan. 4th, 1890, R. Percy Smith : Brit, Med. Jour., Jnn. 4th, 1891). 
Claye Shaw: Brit- Med. Jour,, .Seiit. 12tli, 1801. St. airtlidlojiiew 
Hoep. R«p., 1B92. Wasner : Auier. Jour. luaauity, July, IttUQ. 
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any effect ; in other cases there has been a slight tern- 
porarj- improvementj such as may occur spontaneously 
iu any case of general paresis at any time. No per- 
manent results have been obtained, and the consensus 
of opinion at the British Medical Association at its 
meeting in iswi. when the subject was fully discussed, 
seems to have been against this method of treatment 
in genenU paresis. The plea was made for the opera- 
tion that it would relieve the coudition of intracranial 
pressure and give exit to fluid which is usually found 
tip«>u the ivnvesity of the brain in states of dementia. 
The reply made to this was that the state of fluid 
exmlation was seixindary to the lesion in progress in 
the brain, and that the trephining in no way affected 
the actual ilisease. which was the frimary cause of the 
syuiptkinis. It «^^ms to me that in general jxirvsts. a 
disease which has an organic lesicoi. a diffuse chronic 
nieningivencephalitis, it is impoesible for the operation 
\>i (n'phining to do any good whatever. Even ^mqU 
it act as a palliative tr.'atment. it is not to be enooar- 
agt-d. for it i?; very t^uesticiMUe whetbv there is any 
gain in pr«.>longing life in sacb a bo|iQlaas and progres- 
si^■v form of mental derauseoiait. 



CHAPTER TX. 

TSSFBUnSO FOR H£AI>ACHE. AJTD OTH£B 

HoBSLET and Weib have performed the operatioa of 

trei^ining in two cases of localized headache of traa- 
matic origin with saocess. The patients had both de- 
veloped the headache subsequently to a blow without 
anv frarture of the skull, and everi- form of treatment 
had been employed in va"n before the aid of the eur- 
getm was sought. In both cases the jiain wai* a gtrirtly 
local one. not of the nature of ordinary' headache. In 
Horsley's case there was found an enlarged Pacchi- 
onian body eroding the dura and ekull. In Weir's 
case the mere remo'iaJ of a button of heme relieved the 
pain. Such cases are certainly rare, and it is evident 
that no special consideration ue^^i be given to trephin- 
ing as a form of treatment for headache. 

It has been suggested that in cases oi meningitis it 
might be possible ft make two «ir more openings in 
the skull and wash '*ut the pus from the meninges ; 
this idea having been saggested l>y the eucoeiieful sur- 
gical treatment of peritonitis. Any one. however, who 
is familiar with the i^urgerv' of the brain will realize 
that trephining doe>* not give a'xxwss t" any great ex- 
L tent of the niexung«al surface, and any one who is 
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familiar with pathology will realize the impossibilitr 
of removing pus from the interstices of the cerebral 
membranes. 

Trephining for the treatment of thrombosis of the 
lateral sinus oceurring in connection with middle ear 
disease has been proposed. Those who are interested 
may consult the article by Ballance iu the Laiicei for 
May irth and 2ith, lS9cl. 

Trephining for the removal of bnllets and foreign 
bodies from the brain i» a purely surgical subject and 
is treated in the text-books upon surgery-. 
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CHAPTER X. 

THE OPERATION OF TBEPHINING. 

This book would be incomplete did it not contain a 
chapter upon the technique of opening the skull. 

I have seen this operation performed so many times 
in such different ways, by different surgeons, that I 
am quite familiar with it. But in the preparation of 
this chapter I have made use of articles by Park, by 
Horsley, by Von Bergmann, by Weir, and by Keen. ' I 
have to thank Dr. McBurney for reading this chapter 
and for many valuable suggestions in its preparation. 

It is an absolute requisite of success in cerebral 
operations that every detail of aseptic surgery should 
be carried out to perfection. It is useless to make 
elaborate preparations, to sterilize instruments, and to 
apply antiseptic solutions to the hands, if in the midst 
of the operation the surgeon stops for a moment to 

' Horsley : Brit. Medical Journal. October lOth, 188H, and April 
23d, 1887. Transactions Berlin Internat. Med. Congress, 1890. 

Park: "Surgery of t lie Brain." N. Y. MedicalJournal, November, 
1888. 

Von Bergmann : "Die C^hirurgische Behandlung der Hirnkrank- 
heiten." 1891. 

Keen : " Surgery of the Brain, " " Reference Handbook of the Medi- 
cal Sciences, " vol. viii., 1H88. and "American System of Surgery," 
1892. 

Weir: American Journal of the Medical Sciences, Julv, 1888. 

Maceweu: Brit. Med. Jour., Aug. Uth, 1888. 
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■djuBt his septic eveglace. or to blow his noee on a 
•epck" handkerchief withoat «nfaeequentlv wasliing hia 
tumds again, or rweives an instrument from the handE> 
of aaastani or onrse which have not been specially 
ptwpared for the operation. By covering his hand 
with a wet aseptic towel, the sorgeon can safely 
handle anything which he desires. When aseptic 
measures are carried out in perfect detail, the rapidity 
of healing after these operations upon the brain is 
something marvellous. Thus, in an extejisive opera- 
tion by Dr. McBumey where the incision in the scalp 
measured seven inches, and the division of the skuU 
along a line measured six inches, and the entire bony 
flap was broken away, exposing an area of the dura 
several square inches in extent, the wound was entireiv 
he^iled within a week i>f the time of operation. And 
in the majority of the cases which have been here 
given in detail, a favorable and immediate healing 
was securetl. It is to t)e understood, therefore, that 
in these operations the patient is to be properly pre- 
pared and the scalp made aseptic; that the hands of 
the oi)eratur and his assistants shall all be prepared; 
that the field of oiieration shall be surrounded over a 
wide aiva with sterilized towels either wet or dry 
(])rcft'ralily wet), and frequently renewed; that every 
instniiru'nt, sixmge, towel, etc., shall have been ren- 
dered aseptic, either by subjection to boiling heat in a 
steam sterilizer or by being soaked in a strong anti- 
septic solution, such as carbolic acid 1 : 5U or bichlor- 
ide l:l(M)f(. 



r\ 
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The Preparation of the Patient. —The patient's 
head is to be entirely shaven twenty-four hours be- 
fore the operation and carefully washed with soft soap, 
being scrubbed with a nail-brush, then washed again 
with warm water, and then again with sulphuric ether, 
each successive drying being done with an aseptic 
towel sterilized by heat. The head is then to be en- 
veloped in a corrosive-sublimate gauze dressing which 
is applied moist, liaving been soaked in a solution of 
bichloride, l:3niiO, and bandaged with aseptic ban- 
dages. Stronger solutions may cause eczema of the 
scalp. This bandage is to he left on until the opera- 
tion is begun. The preparator\' treatment by a pur- 
gative and the selection of a time for operation several 
hours after a meal are not to be neglected. It is best 
to suspend tlie administration of bromides for a week 
before any operation. 

The choice of an ancesthefic may be left open to the 
surgeon, but I <'an verify the statement that the hem- 
orrhage from the cerebral vessels is much less intense 
when chloroform rather than ether is used. Horsley 
has siiggested the hypodermic injection of morphine, 
one-sixth of a grain, prior to the t)i>eration. Keen has 
recommended ergot, two to four drachms. The object 
of both is to produce a contracting influence upon the 
cerebral vessels. I have seen morphine act efficiently 
in this respect. 

The markinr/ off iijiOD fhe scalp of the fissures of 
Rolando and Sylvius requires some time and should 
in my opinion be done before the ansBsthetic is admin- 




a» tk« wkeB tiv scalp is n- 
lfe»gMiH«fiMe. w httlMJ it be 
wl3bt§mm*al %1viik. ^laH be- 
to how. TW^I 



tarn. SB it H'ififierit to n^aee tlte sca^ in tJbe es»i% 
pOHtian after it has bees Mmrr*n^ up, and tiie marfc- 
iiig» of the fcalp mav be ^ocnewhat ftfalitcnited by the 
^ataoos D^ed in deaaing it «ft«r the tines bare been 
laid down. It is alan weQ to make a mark on the 
-kull thrrmgh tbe scalp with a sliaip instmment at 
th« exact point at wfaicfa tbe caiti^ of the trephine is 
to be placet) before the scalp ia divided. After the 
an»-Mtbetic is administered the scalp ts to be again 
rarefnlly washeil with I'l i soft soap and hot water 
with the nail-brash. (2| with salpharic ether. (3) with 
a>nv>iute al«>hol, H) with a aolnti<Mi of corrosive sub- 
liniate. 1 : 1"""'. 

Tbe application of a rubber band around the scalp 
jii»t aljove the eyebrows for the purpose of compress- 
ing the vesaela and preventing hemorrhage on the 
principle of the Esmarch bandage, which I suggested 
to Weir in 1><n7, is a failure. It cannot be applied 
with sufficiently even pressure to compress tbe arte- 
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ries; it merely exerts pressure upon the veins and in- 
creases venous hemorrhage ; it should be abandoned. 
Weir's device of passing four long needles at right 
angles to one another through the scalp, thus making 
pressure on all the vessels leading into the flap, is far 
better. It is of great service both during and after 
the operation to have the patient's head on a level 
above the body, and a semi-sitting posture is the one 
in which hemorrhage is the least. It is not to be for- 
gotten that when chloroform is used as an anaesthetic 
this position is attended by danger. 

The incision in the scalp should be of horseshoe 
shape, base downward, or so directed as to secure the 
best nutrition and sufficiently large to allow of the 
easy enlargement of the bone opening in case it should 
be necessary to enlarge this to twice the size antici- 
pated. The chief hemorrhage during the operation 
comes from this incision in the scalj), yet nothing is to 
be gained by making the incision little by little, in^as- 
much as the edges of t)ie incision must 1x5 easily 
accessible in order to reach tlH3 })leeding vcissels. Thc^ 
better way appears to be to make the* incision in thnje- 
fourths of its expected l(*ngth with the first HW(»(*p of 
the knife, to have the seal]) conij^'i^sscd by spo!i^(»H or 
sterilized gauze in the hands of assistants as fast as 
the cut is made, and thr*n to ratch Wnt v(*ssels oixt 1)V 

• 

one with forceps as thf* s]K)T)^<*s iiv^^ liftffj. S<*v(fral 
varieties of forceps an? in use for this |)ur|>os(*; eith<*r 
the blunt dog-tooth forcf'psof MrHurnf^y or tin* hroad 
T-sha|)ed end force]>s of (/(*rst<*r may Ix; itinyhiyiti] ; 
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the latter grasp a portion of the Bcalp nearly an inch 
in lireadtb and hold it fimily for a time: a series of 
these may lie applied along the incision, and then one 
hy one tliey may be removed and the vessels caught 
with a single-tooth forceps and tied. When the bleed- 
ing is arrested from the original incision it may be 
extended at both ends to its intended size, the vessels 
near being successively caught and ligated. 

In dissecting up the scalp the jterinsfenrn .should fje 
left upon the bone and not dissected up with it- 
Surgeons differ as to the best method of ruaJcinff an 
opening through the sknU. butall agree that whatever 
opening is made should be at least one and one-half 
inch in diameter, and many prefer the opening at 
least two inches in diameter. Such openings may l»e 
made by trephining at one spot with a trephine one 
and one-fourth inch in diameter and enlarging the 
opening with a rongeur, or by making two trephine 
ojtenings an inch in diameter and cutting away with 
a rongeur the bridge of l)one l)etween, or by chiselling 
with gouge and mallet through the skull, or lastly by 
the use of tlio rotary saw run by an electric motor. 

If the trephine is used care should be taken not to 
wound the dura when nearly through the skull. In 
using the rongeur the instrument of Horsley with its 
jaw at an angle with the shank is far more conven- 
ient than a straight instrument. If the gouge is used 
great cai'e must l»e exerted to prevent its slipping and 
cutting the dura. The i-oncussion produced by ham- 
mering is an objection to the use of the gouge or chisel 
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urged by some American surgeons. But this objec- 
tion is not sustained by Dr. McBumey's experience. 
German surgeons prefer this method. If the gouge 
is used the opening in the skull may be made of Q 
shape and the plate of bone be then gently pried 
up, the attached part being broken but not separated. 
The electric motor with a rotary saw is a satisfactory 
instrument for cutting the bone. In order to use it 
safely a trephine opening must first be made, the dura 
must be carefully separated from the bone by a thin 
flat metal instrument, and the instrument must be 
held in place to protect the dura, and be pushed for- 
ward in advance of the saw as this is used. The 
difficulty of directing this flat instrument through the 
trephine hole, and the danger of sawing into the dura 
and brain if it is not properly placed, are great. It 
requires much practice and skill to handle the electric 
saw safely, and to an observer the danger of sawing 
through into the dura and brain seems to be great 
unless the metal plate between skull and dura is very 
firmly held and accurately adjusted. Yet the lalx)r 
of trephining is so great and so wearisome that any 
mechanical electric motor would appear to be prefera- 
ble to the hand, and as Horsley's apparatus can be so 
adjusted as to revolve the trephine, it seems as if the 
first two-thirds of the trei)hining can be safely done 
with it, the last third l)eing done by hand so that 
touch shall guide the degree of pressure made upon 
the trephine. It is of course in a hospital only that 
the electric motor can be used. 
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The question of replacimj the piece of Ixnte that has 
been removed is an opeu one. If a single button of 
bone is removed, or if two buttons and the bridge be- 
tween them are taken out, it is possible to replace them 
and to secure bony union. It is also possible to re- 
place the large plate removed by the Horsley saw. 
But of late when larger openings ai-e made by gnaw- 
ing away the bone about the original trephine opening 
the bone is rarely replaced. 11 it is to be replaced it 
should be kept at a temperature of 9»^ by being 
wrapped in warm damp gauze wet with a corrosive 
sublimate solution, IriOMO, or in a sterilized salt 
solution, and kept in a warming box or in a jar im- 
mersed in warm water. It is also possible to preserve 
tile small pieces of bone and to cut up the larger piece 
and replace them all by strewing them over the dura. 
It should l>e remembered, however, that such pieces 
of Ixme. no matter how carefully taken care of in the 
interim, may necrose after replacement. To avoid 
this accident McBumey never replaces a piece which 
has beeu entirely separated, and for the same reason 
he prefer* lifting a plate of bone which is never en- 
tirely detache<:l. and so never entirely cut off from a 
source of nutrition. 

There is sometimes considerable hemorrhage from 
the diploe, and oo-asionally a vein or a large canal in 
the diploe will bleed profusely. Pressure with sponge 
at the bleeding sjwt usually stops this. If it persists 
Horsley "s was may l»e used, which consists of was 
seven parts, oil two parts, carbolic acid cme part. 
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This may not be sufficient to arrest hemorrhage from 
a large vein, and then a small plug of decalcified bone 
or of aseptic sponge may be forced into the opening. 
The two tables may be forcibly crushed together by a 
heavy forceps and thus the bleeding from the diploe 
stopped. 

The division of the dura is made by the point of a 
curved bistoury, or an ordinary scalpel. A fine tena- 
culum then seizes the dura and draws it up from the 
brain surface, and into the small incision a curved 
blunt scissors blade can be inserted and the dura 
freely divided. The dura should be divided about one- 
fourth inch from the edge of the bony opening and 
the incision should be horse-shoe in shape. The dura 
can then be reflected downward leaving the brain ex- 
posed. It should be lifted carefully away from the 
brain, for very frequently close adhesions exist which 
cannot be roughly torn without incurring great risk 
of opening one or more large veins of the pia mater. 
If arteries are found passing over the dura they should 
be ligatured before the dura is divided. This is best 
done by Keen's small, curved needle attached to a 
handle, similar to an aneurism needle but verv minute. 
A curved Hagedorn needle may be used. This can be 
passed around the vessel through the dura and a liga- 
ture threaded into it and drawn backward, thus sur- 
rounding the vessel. The same needle can be used in 
sewing up the dura at the end of the operation, the 
ordinary curved surgical needles being too large. 
Hemorrhage from little vessels of the dura is best ar- 
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If necessary a probe may be thrust into the brain or 
I hypodermic needle may be introduced quite freely 
land without danger, as Spitzka has shown. Incisions 
I into the brain are not dangerous, but if they are made 
the knife should be passed down through the summit 
of a convolution, as then hemorrhage is less free than 
when the side of the convolution or the brain at the 
bottom of a sulcus is incised. When it is remembered 
that large portions of brain tissue have beeu destroyed 
by accidents (e.g., in the crow-bar case and in the 
linch-pin case) without fatal results, less fear will be 
felt on wounding the brain. Yet it is to be also re- 
membered that certain parts of the cortex have im- 
portant functions — such as the speech areas or the mo- 
tor areas — and all needless incision or excision should 
f be avoided. 

If there is much cedema of the pia. a few small in- 
cisions in it followed by pressure wiU evacuate the 
fluid. 

If a clot is found it may be wiped away by fine 
sponges or, if organized, picked out with fine forceps, 
; care being taken not to tear the pial veins. 

If a tumor lies upon the surface, and is surrounded 
' by a distinct capsule, it can be enucleated with the 
blunt point of curved scissors or with the finger with- 
out cutting. If it infiltrates the brain tissue and so 
has no distinct capsule, it should be cut out with the 
, knife. The sharp spoon does not do good work in the 
I brain. If the tumor lies below the surface, the brain 
i tissue lying over it must first Ije incised and then enu- 
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A very marked bulging of the brain tissue through 
the opening in the dura mater sometimes occurs at 
the time of the operation, or subsequently to it, as a 
hernia cerebri. It has been found that the smaller 
the opening in the dura the more likely this is to 
occur. If the bulging tissue be held back by a flat 
spatula while the stitches are put in the dura and a 
continuous suture be used, and then the edges of the 
dura be rapidly drawn together as the spatula is re- 
moved, the bulging will be slowly reduced. If this is 
impossible the bulging brain may be sliced off or 
wiped away with a sponge. Hernia cerebri develop- 
ing after the operation is rare when asepsis is perfect. 

In case a sinus or a large vein is opened and hem- 
orrhage becomes alarming the wound may be packed 
with iodoform gauze with safety, or the wound in the 
sinus having been closed with a pressure forceps, the 
forceps may be left in place for a day or two supported 
by the dressings. Sewing up a bleeding sinus is diffi- 
cult, but has been done successfully. 

The closing of the woiuid should be preceded by a 
thorough irrigation with simple sterilized salt solu- 
tion, one per cent, or with corrosive sublimate, 
1 : 5000. A small drain of a folded bit of rubber 
tissue should be left in the most dependent part of the 
wound. The dura should be stitched with catgvit ex- 
cept where the drain passes through it. The scalp is 
then to be stitched with silk. The head is to be 
washed with antiseptic solution. The wound is then 
to be covered with rubber tissue. It is to be covered 
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with aseptic gauze and this with many Ic 
ton, and the whole held in place hy a lar, 
covering the entire head an<i held under tl 
In some cases there may be no necessity 
in which case the entire dressing need not 
for a week, when everything may be fouj 
unitwl by first intention. 

In other cases the drain may be remo 
third day and a second dressing ap])iied — 
which may be found to show a healed wou: 
Damming up of blood giving rise to pi-ee 
toms, or the esti*eme oozing of cerebro-spii 
the development of a temperature with < 
infection, necessitate an immediate insjjec 
wnun<l by the removal of dressings, 
uiMin general surgical principles. 
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